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RESEARCH  ON  THE  HYDROSULFATES  OF  THE  ALKALI  ELEMENTS 


Vikt.  I.  Spitsyn  and  M.  A.  Meerov 


The  hydrosulfates  of  the  alkali  elements  are  produced  when  sulfuric  acid  acts  upon  their  chlorides,  normal 
sulfates,  and  other  salts  under  certain  conditions.  The  utilization  of  hydrosulfates  for  the  acidic  decomposition  of 
certain  ores  and  for  the  sulfating  fusion  of  different  substances  in  analytical  chemistry  and  chemical  technology  is 
largely  based  upon  their  conversion  at  high  temperature  into  pyrosulfates  and  then  into  normal  sulfates,  sulfur  triox¬ 
ide  being  given  off.  Far  from  enough  work  has  been  done  on  the  physicochemical  properties  of  the  hydrosulfates. 
There  is  almost  no  information,  for  example,  on  their  hydration,  melting  points,  and  limits  of  thermal  stability. 

We  have  prepared  the  pure  hydrosulfates  of  all  the  alkali  elements,  determined*  the  melting  points  of  these 
compounds,  investigated  the  behavior  of  the  hydrosulfates  when  heated,  and  established  the  temperatures  at  which 
they  begin  to  change  into  pyrosulfates. 

The  information  on  the  production  of  lithium  hydrosulfate  is  highly  contradictory.  Weber  [1]  and  Kobbe  [2] 
believe  that  lithium  does  not  constitute  a  compound  with  the  composition  of  LiHS04  at  all.  According  to  Schultz 
[3],  this  compound  is  precipitated  from  a  solution  of  the  normal  sulfate  in  sulfuric  acid,  while  Lescoeur  [4]  asserts 
that  the  salt  is  produced  only  when  the  sulfuric  acid  employed  is  a  monohydrate.  Dunnicliff's  efforts  [5]  to  crystal¬ 
lize  the  hydrosulfate  from  aqueous  solutions  of  normal  lithium  sulfate  that  contained  a  large  excess  of  sulfuric  acid 
resulted  in  the  formation  of  crystals  of  the  monohydrate  of  normal  lithium  sulfate,  more  or  less  contaminated  with 
sulfuric  acid.  The  acid  is  eliminated  entirely  by  the  action  of  ether.  The  composition  of  the  crystals  was  as  follows: 
38.71<^  sulfuric  acid;  57.02«Sb  normal  lithium  sulfate;  4.27<^  water.  According  to  Dunnicliff,  the  hydrosulfate  ought 
to  have  47.11<^  of  sulfuric  acid  and  52,897o  of  the  normal  lithium  sulfate. 

The  hydrosulfates  of  sodium  and  potassium  were  prepared  by  the  generally  used  method  of  reacting  the 
respective  chlorides  or  normal  sulfates  with  sulfuric  acid. 

Erdmann  [6]  obtained  rubidium  hydrosulfate  as  a  bright,  oily,  slightly  mobile  liquid  by  dissolving  rubidium 
salts  with  a  volatile  acid  in  sulfuric  acid  and  evaporating  in  a  platinum  cup.  When  chilled,  the  hydrosulfate  solidi¬ 
fied  into  a  beautiful  ray-like  mass.  Dunnicliff  [5]  obtained  rubidium  hydrosulfate  by  treating  the  chloride  or  the 
normal  sulfate  with  the  theoretical  quantity  of  sulfuric  acid.  The  solution  was  evaporated  to  dryness,  the  residue 
being  melted.  The  resulting  product  was  pulverized  in  a  hot  agate  mortar  and  then  treated  with  seven  times  its 
weight  of  absolute  alcohol  and  washed  with  ether.  The  percentage  of  sulfuric  acid  in  the  residue  was  found  to  be 
29.93^.  The  theoretical  percentage  of  HJSO4  in  rubidium  sulfate  is  stated  by  the  author  to  be  26.86^.  Endeavors  to 
secure  rubidium  hydrosulfate  by  treating  the  nitrate  with  a  slight  excess  of  sulfuric  acid  and  then  evaporating  the 
solution  and  heating  the  residue  were  unsuccessful,  for  it  was  extraordinaiily  difficult  to  eliminate  the  traces  of  acid 
even  by  prolonged  heating.  Browning  [7]  met  with  the  same  lack  of  success. 

Kirchhoff  and  Bunsen  [8]  produced  cesium  hydrosulfate  by  treating  the  carbonate  with  an  excess  of  sulfuric 
acid  and  then  heatii^  the  mixture  until  the  excess  acid  had  been  eliminated.  The  cooled  crystalline  mass  was  dis¬ 
solved  in  water,  the  resulting  hydrosulfate  settling  out  as  small  crystals  when  the  solution  was  slowly  heated.  Dunni¬ 
cliff  [5]  secured  cesium  hydrosulfate  by  the  same  method  he  used  to  get  the  rubidium  hydrosulfate. 

As  Berthelot  [9]  pointed  out,  sodium  and  potassium  pyrosulfates  are  converted  into  the  hydrosulfates  when 
they  ate  dissolved  in  water.  We  employed  this  method  to  secure  pure  hydrosulfates  of  all  the  alkali  elements.  Sam¬ 
ples  of  the  pyrosulfates,  prepared  from  the  normal  sulfates  or  chlorides  by  heating  them  with  sulfuric  acid  [10],  were 
dissolved  in  a  slight  excess  of  water  and  allowed  to  stand  in  a  desiccator  over  i^osphoric  anhydride.  The  hydrosul¬ 
fates  crystallized  out  within  40-60  hours,  the  solutions  gradually  crystallizing  completely.  The  crystals  were  kept  in 
the  desiccator  until  completely  dried.  Their  weight  corresponded  exactly  to  the  conversion  of  the  original  pyrosul¬ 
fates  into  anhydrous  hydrosulfates. 
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TABLE  1 


Composition  of  Hydrosulfates 
Prepared  by  Evaporating 
Pyrosulfate  Solutions 


Compound 

‘jtof  SO, 

Experi¬ 

mental 

Calculated 

LiHS04 . 

76.87 

76.97 

NaHS04.... 

66.58 

66.68 

KHSO4 . 

58.74 

58.81 

RbHS04 . 

43.87 

43.86 

CSHSO4 . 

34.82 

34  81 

To  check  whether  the  hydrosulfates  of  the  alkali  elements  produce 
hydrates  with  water  under  oui  experimental  conditions,  we  re-treated  the 
crystals  with  a  small  amount  of  water.  The  resulting  solutions  were  set  aside 
to  crystallize  in  the  air  instead  of  in  a  desiccator  over  phosphoric  anhydride, 
as  in  the  first  experiment.  The  crystals  that  settled  out  within  120-160  hours 
had  their  original  weight.  This  proved  that  the  hydrosulfates  of  the  alkali 
elements  we  had  prepared  were  anhydrous.  The  composition  of  the  prepared 
hydrosulfates  is  given  in  Table  1.  The  analyses  for  SO3  content  were  made 
by  the  usual  gravimetric  method,  a  weighed  sample  of  the  preparation  being 
converted  into  barium  sulfate. 

The  preparation  of  the  anhydrous  potassium  hydrosulfate  agrees  with 
the  observations  made  by  Graham  [11],  but  contradicts  the  researches  of  Mon- 
temartini  [12]  who  believes  that  KHSO4  crystallizes  with  one  molecule  of 
hydration  water. 


TABLE  2 

Melting  Points  of 
Hydrosulfates  of 
the  Alkali  Elements 


Compound 

M.p. 

LiHS04 . 

104+0.5® 

NaHS04.... 

186 

KHSO4 . 

216 

RbHS04.... 

285 

CSHSO4.... 

110 

The  melting  points  of  the  hydrosulfates  we  had  prepared  were  determined  vis¬ 
ually  by  heating  a  small  portion  of  the  substance  in  a  capillary,  using  the  device  em¬ 
ployed  to  measure  the  melting  points  of  organic  substances.  The  thermometer,  with 
the  capillary  alongside  it,  was  placed  in  the  empty  interior  vessel  of  the  device, 
without  any  vaseline.  Tests  showed  that  the  convection  air  currents  within  the  inter¬ 
ior  vessel  transmit  the  temperature  of  the  sulfuric  acid  in  the  outer  vessel  more 
quickly,  thus  ensuring  more  accurate  determinations  of  the  melting  point.  The  therm¬ 
ometer  was  tested  in  advance  at  the  melting  point  of  ice  and  the  boiling  point  of 
water.  The  melting  points  of  the  hydrosulfates,  as  established  by  a  series  of  measure¬ 
ments,  are  listed  in  Table  2. 


Lithium  hydrosulfate  melts  at  160’,  according  to  Schultz  [3],  and  at  120®, 
according  to  Lescoeui  [4].  Kendall  and  Landon  [13]  determined  the  melting  points  of 
sodium  and  potassium  hydrosulfates  as  186®  and  218.6®  respectively.  Cambi  and  Bozza 
[14]  give  the  melting  point  of  sodium  hydrosulfate  as  185.7®  and  213.8®,  214®,  and 
218®  for  potassium  hydrosulfate.  Older  determinations  of  the  potassium  hydrosulfate  melting  point  ate  200®  [15]  and 
210®  [16]. 


The  change  in  melting  points  m  the  alkali  hydrosulfate  series  is  typical  of  salts  with  an  easily  polarizable 
anion.  The  {vogressive  rise  in  the  melting  p>oint  as  we  pass  from  lithium  hydrosulfate  to  the  hydrosulfates  of  sodium, 
potassium,  and  rubidium  evidently  depends  upon  a  decrease  in  the  polarizing  action  of  the  cations  as  their  radii  in¬ 
crease  in  size.  The  HSO4  ^  anion  is  perceptibly  polarized  apparently  even  when  acted  upon  by  a  potassium  ion.  As 
we  pass  from  the  hydrosulfate  of  rubidium  to  the  cesium  salt,  we  observe  a  substantial  drop  of  the  melting  point. 
This  is  most  likely  due  to  a  decrease  in  the  strength  of  the  com. pound's  crystal  lattice,  as  a  result  of  the  large  iomc 
radius  of  cesium. 


When  we  compare  these  figures  with  those  for  the  pyrosulfates  [10],  we  should  bear  in  mind  that  the  potas¬ 
sium  salt  has  the  highest  melting  point  among  the  latter,  whereas  the  maximum  melting  point  is  shifted  to  the  rub¬ 
idium  salt  in  the  hydrosulfates.  It  is  evident  that  the  HS04“^  ion  is  more  greatly  deformed  than  the  ion. 

The  hydrosulfates  have  melting  points  that  average  some  100-200®  lower  than  the  corresponding  pyrosul- 
fates.  Their  crysul  lattices  are  not  very  strong,  apparently  because  the  HS04'^  ion  is  monovalent,  while  the  S207'*ion 
is  divalent.  Moreover,  the  hypothetical  high  polarizability  of  the  HS04'^  amon  may  likewise  be  a  factor  here. 

One  of  the  important  properties  of  the  hydrosulfates  is  their  transformation  into  pyrosulfates  at  rather  low 
temperatures,  water  being  split  out.  According  to  Baum  [17],  "dark -red  heat"  is  a  prerequisite  for  this  process,  but 
the  reaction  takes  place  even  at  260-320®  when  the  preparation  is  heated  at  reduced  pressure.  According  to  Cambi 
and  Bozza  [14],  sodium  hydrosulfate  slowly  gives  off  water  at  approximately  its  melting  point  and  is  transformed 
into  the  pyrosulfate. 

The  thermal  stability  of  the  hydrosulfates  was  determined  by  taking  samples  of  the  latter  (approximately  1 
g),  placing  them  in  porcelain  crucibles,  and  heating  them  in  a  drying  cabinet,  with  the  temperature  raised  grad¬ 
ually,  until  their  weights  remained  constant. 
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The  temperature  at  which  the 
first  loss  of  weight  of  at  least  0.005 
g  was  observed  was  taken  as  that  at 
which  the  decomposition  of  the 
hydrosulfates  sets  in.  In  every  case, 
the  end  product  was  a  pyrosulfate, 
as  shown  by  analysis.  The  tempera¬ 
tures  at  which  the  hydrosulfates  are 
converted  into  pyrosulfates,  and  the 
percentages  of  SO3  found  in  the  re¬ 
sulting  products  are  listed  in  Table  3. 

According  to  Van  Arkel  and 
de  Boor  [18],  cesium  hydrosulfate  is 
the  most  stable  of  the  hydrosulfates 
of  the  alkali  element  s.  Our  findings  indicate  that  its  stability  does  not  exceed  that  of  rubidium  hydrosulfate;  on  the 
contrary,  it  begins  to  decompose  at  a  somewhat  lower  temperature.  Only  cesium  hydrosulfate  melts  at  a  temperature 
that  is  lower  than  the  point  at  which  the  salt  begins  to  decompose.  These  temperatures  practically  coincide  in  the 
case  of  lithium  hydrosulfate.  It  should  be  stated,  however,  that  the  hydrosulfates  decompose  extremely  slowly  at  low 
temperatures.  Cesium  hydrosulfate,  for  example,  begins  to  lose  weight  in  the  150-180*range,  but  it  has  to  be  heated 
to  350®  for  3-5  hours  for  decomposition  (of  a  sample  of  about  2  g  of  the  salt)  to  be  complete.  Thus,  melting  the 
salt  rapidly  produces  no  perceptible  decomposition. 

The  low  stability  of  the  hydrosulfates,  compared  to  the  normal  sulfates  and  the  pyrosulfates  must  be  attrib¬ 
uted  to  the  presence  of  the  hydrogen  ion  in  the  hydrosulfate  anion.  The  hydrogen  ion,  whose  effective  radius  is 
small,  penetrates  the  electronic  shell  of  the  anion  and  causes  strong  one-sided  polarization  of  the  latter,  resulting  in 
a  relative  decrease  in  the  stability  of  the  compound. 

The  polarizing  action  of  the  cation  linked  to  the  anion  results  in  the  phenomenon  of  counterpolarization, 
diminishing  the  stability  of  the  compound.  In  the  case  of  the  hydrosulfates  of  the  alkali  elements,  there  is  no  doubt 
that  the  predominant  factor  influencing  their  stability  is  the  decrease  in  the  polarizii^  effect  of  the  .alkali  element 
cation,  due  to  the  increasing  radius  as  we  pass  from  lithium  to  rubidium.  This  increases  the  compounds’  stability  and 
raises  the  temperature  at  which  decomposition  sets  in  as  we  travel  along  the  series. 

The  somewhat  lower  stability  of  cesium  hydrosulfate  than  that  of  rubidium  sulfate  may  be  due  to  the  sub¬ 
stantial  polarizability  of  the  cesium  ion  itself.  The  resulting  reinforcement  of  the  bond  between  the  cesium  and  the 
oxygen  atoms  in  the  anion  may  weaken  the  bond  of  the  latter’s  hydrogen  atom  and  facilitate  the  splitting  out 

of  water.  A  related  thermal  decomposition  of  certain  oxyacids  has  been  described  by  one  of  the  present  authors  [19] 
in  the  case  of  rubidium  and  cesium  wolframates. 


TABLE  3 


Heating  Hydrosulfates  of  the  Alkali  Elements 


Compound 

Temp.at  which 
the  conversion 
to  the  pyrosul¬ 
fate  sets  in 

Y  ield  of  MejSjQy 
from  the  MeHS04 
{^0  of  theoretical) 

SOj  in  the  heating  residue 

Experimental 

Calculated  for 
the  pyrosulfate 

LiHS04... 

90-100® 

100.02 

84.08 

84.27 

NaHSO^.. 

140-150 

99.70 

72.07 

72.09 

KHSO4.... 

160-170 

100.00 

62.89 

62.96 

RbHSO^... 

170-200 

98.21 

46.00 

46.14 

CSHSO4... 

150-180 

99.94 

36.18 

36.23 

SUMMARY 

1.  The  hydrosulfates  of  all  the  alkali  elements  have  been  prepared  by  evaporating  aqueous  solutions  of  their 
pyrosulfates  to  dryness  at  room  temperature.  This  yields  crystalline  anhydrous  hydrosulfates. 

2.  The  melting  points  of  the  resulting  compounds  have  been  determined.  Rubidium  hydrosulfate  has  the 
highest  melting  point  (285®).  The  melting  points  drop  as  we  pass  to  the  hydrosulfates  of  potassium  (216®),  sodium 
(186®),  and  lithium  (104®),  though  cesium  hydrosulfate’s  melting  point  is  likewise  low  (110®). 

3.  The  temperatures  at  which  the  hydrosulfates  of  the  alkali  elements  begin  to  be  transformed  into  pyro- 
sulfates  have  been  established.  Rubidium  hydrosulfate  is  the  most  stable  (decomposition  setting  in  at  170-200*).  The 
stability  of  the  hydrosulfates  diminishes  as  we  pass  to  potassium,  sodium,  and  lithium  (the  temperatures  at  which 
decomposition  sets  in  being  160-170®,  140-150®,  and  90-100®,  respectively).  Cesium  hydrosulfate  decomposes  some¬ 
what  more  readily  than  rubidium  hydrosulfate  (150-180®). 

4.  The  behavior  patterns  involved  in  the  changes  of  the  melting  point  and  of  the  thermal  stability  of  the 
hydrosulfates  of  the  alkali  elements  have  been  discussed  from  the  standpoint  of  concepts  of  polarizing  action  and 
polarizability  of  ions. 
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RESEARCH  ON  THE  PYROSULFATES  OF  THE  ALKALI  ELEMENTS 


Vikt.  I.  Spitsyn  and  M.  A.  Meerov 


The  applications  of  sodium  and  potassium  pyrosulfates  are  of  considerable  importance  in  analytical  chem¬ 
istry  and  chemical  technology.  They  are  employed  to  decompose  certain  rare-earth  and  earth-acid  minerals,  such  as 
euxenite,  samarskite,  tantalite,  and  the  like,  and  to  convert  some  oxides  that  are  only  slightly  soluble  in  acids,  such 
as  AljOs,  FejOs,  TiOj,  and  the  like,  into  salts. 

The  chemical  action  of  these  pyrosulfates  is  based  upon  the  fact  that  they  decompose,  giving  off  sulfur  tri¬ 
oxide,  at  temperatures  above  the  boiling  point  of  sulfuric  acid  and  hence  cause  strong  sulfatizing  action. 

Comparatively  little  research  has  been  done  as  yet  upon  the  pyrosulfates.  There  are  no  dependable  data  on 
their  melting  points  and  decomposition  temperatures,  while  for  some  of  the  alkali  elements  there  are  no  descriptions 
of  the  properties  of  their  pyrosulfates. 

We  have  prepared  the  pyrosulfates  of  all  the  alkali  elements,  measured  their  melting  points  and  determined 
the  temperatures  at  which  they  begin  to  be  converted  into  the  normal  sulfates  when  calcined  under  various  conditions 
(in  air,  in  the  presence  of  ammonium  carbonate,  in  a  cunent  of  ammonia,  and  in  a  current  of  hydrogen). 

Flood  and  Ferland  [1]  produced  lithium  pyrosulfate  by  heating  normal  lithium  sulfate  to  about  300*  in  an 
atmosphere  of  sulfur  trioxide. 

Weber  [2]  states  that  sodium  and  potassium  pyrosulfates,  of  the  Me2S207  type,  can  be  produced  by  reacting 
the  thoroughly  dried  normal  sulfates  with  sulfur  trioxide  in  a  sealed  tube,  heating  the  former  to  150"  and  the  latter  to 
the  temperature  of  a  water  bath.  The  same  author  asserts  that  normal  rubidium  and  cesium  sulfates  react  with  sulfur 
trloxide  to  form  the  compounds  Rb20'8S03(Rb2S^25)  and  Cst0'8S03(Cs2Sg0{5),  respectively,  which  readily  give  off  6 
molecules  of  sulfur  trioxide  when  heated,  yielding  the  usual  pyrosulfates. 

According  to  Cambi  and  Bozza  [3],  sodium  pyrosulfate  is  produced  by  reacting  the  sulfate  with  sulfur  uiox- 
ide  at  460*,  the  temperature  required  for  potassium  pyrosulfate  being  470*. 

Browning  [4]  states  that  when  salts  of  the  alkali  elements  and  volatile  acids  ate  treated  with  an  excess  of 
sulfuric  acid  and  heated  to  constant  weight  at  250-270*,  they  yield  the  hydrosulfate  and  pyrosulfate  of  lithium,  pyro¬ 
sulfates  of  the  MejSjO^  type  of  sodium  and  potassium,  and  the  MeHS04  hydrosulfates  of  rubidium  and  cesium. 

According  to  Erdmann  [5],  rubidium  pyrosulfate  can  be  produced  by 
dissolving  a  rubidium  salt  with  a  volatile  acid  in  an  excess  of  sulfuric  acid, 
then  evaporating  the  solution  in  a  platinum  cup,  and  heating  the  resulting 
hydrosulfate. 

We  have  produced  the  pyrosulfates  by  reacting  sulfuric  acid  with  the 
normal  sulfates  or  chlorides  of  the  alkali  elements. 

Lithium  pyrosulfate  was  produced  by  treating  the  normal  sulfate  with 
the  calculated  quantity  of  dilute  sulfuric  acid.  The  mixture  was  evaporated 
on  a  water  bath  to  drive  off  the  excess  water  and  then  heated  to  220*  until 
the  reaction  was  complete.  The  pyrosulfates  of  sodium  and  potassium  were 
prepared  by  treating  the  normal  sulfates  with  concentrated  sulfuric  acid  and 
then  heating  the  mixtures  until  the  reactions  were  complete,  the  tempera¬ 
ture  required  being  270*  for  sodium  and  370*  for  potassium. 

Rubidium  pyrosulfate  was  larepared  by  heating  a  mixture  of  the  chloride  with  a  20%  excess  of  sulfuric  acid, 
the  temperature  being  gradually  raised  to  400*,  until  the  weight  remained  constant. 


Analysis  of  Preparations  of  Pyro¬ 
sulfates  of  the  Alkali  Elements 


Compound 

% 

SOa 

Experi¬ 

mental 

Calc¬ 

ulated 

Li*S^ . 

84.16 

84.27 

NajSjOj . 

71.98 

72.09 

K*S,Ot . 

62.90 

62.96 

RbjSiOy . 

46.14 

46.14 

Cs^SjO^ . 

36.24 

36.23 

963 


TABLE  2 


Melting  Points  of 
Pyrosulfates  of  the 
Alkali  Elements 


Compound 

M.p. 

L%S]07 . 

205+2* 

Na,S,OT.... 

402 

KxSiOx . 

440 

Rb^SjOy/. .. 

401 

CsjSjO^.. . . 

280 

Cesium  pyrosulfate  was  produced  by  ueating  the  normal  sulfate  or  chloride  with 
concentrated  sulfuric  acid.  When  the  sulfate  was  used,  the  reaction  mass  was  heated  for 
6,5  hours,  the  temperature  being  gradually  raised  to  500*,  until  the  weight  remained  con¬ 
stant;  with  the  chloride,  heating  lasted  18  hours,  with  the  temperature  raised  to  370*. 

The  resulting  preparations  were  analyzed  in  the  usual  manner,  the  SOj  content 
being  determined  as  BaSO^.  The  results  are  listed  in  Table  1. 

There  are  only  a  few  figures  given  in  the  literature  for  the  melting  points  of  the 
pyrosulfates.  Cambi  and  Bozza  [3]  found  the  melting  point  of  sodium  pyrosulfate  to  be 
400.9*.  Schultz -Sellack  [6]  states  that  potassium  pyrosulfate  melts  far  above  300*.  We 
determined  the  melting  points  of  out  preparations  by  means  of  a  platinum— platinum- 
rhodium  thermocouple,  from  the  cooling  curves.  The  results  of  out  measurements  are 
given  in  Table  2 . 


The  melting  points  are  progressively  higher  in  the  series  of  lithium,  sodium,  and  potassium  salts.  The  potas¬ 
sium  pyrosulfate  has  the  highest  melting  point  of  all  the  compounds  tested.  The  melting  points  drop  off  appreciably 
as  we  pass  on  to  the  rubidium  and  cesium  salts.  The  general  pattern  of  changes  in  the  melting  points  of  the  pyrosul¬ 
fates  recalls  the  analogous  picture  in  the  iodides  of  the  alkali  elements.  Here  again,  the  readily  polarizable  SsOy** 
anion  is  polarized  by  the  sodium  ion  and  more  strongly  so  by  the  lithium  ion,  thus  lowering  the  melting  point  as  the 
ionic  radius  of  the  cation  is  diminished.  This  sort  of  polarizing  action  no  longer  exists,  obviously,  in  the  pyrosulfates 
of  potassium,  rubidium,  and  cesium.  The  successive  drop  of  the  melting  points  in  this  series  of  compounds  must  be 
due  to  the  decrease  in  die  stability  of  their  crystal  .lattices  as  the  ionic  radii  of  the  cations  increase. 


TABLE  3 


Hygroscopic  ity  of  Pyrosulfates 
of  the  Alkali  Elements 


Compound 

Time  in 
air, hours 

Mean  hourly 
gain  in 
weight,  ^ 

Li,Sp,... 

150 

0.51 

NajSiOy... 

140 

0.15 

KjSjOt... 

140 

0.02 

*^Sj07... 

24 

None 

CSIS207... 

115 

0.007 

TABLE  4 


We  have  found  the  pyrosulfates  of  the  alkali  elements  to  be  more 
or  less  hygroscopic,  with  the  sole  exception  of  rubidium  pyrosulfate.  After 
these  compounds  had  been  exposed  to  the  air  for  a  long  time,  they  exhib¬ 
ited  the  gains  in  weight  set  forth  in  Table  3. 

The  hygroscopicity  of  the  pyrosulfates  diminishes  progressively  from 
lithium  to  potassium;  it  is  not  present  in  rubidium,  but  reappears  slightly  in 
cesium.  It  is  probable  that  this  change  in  hygroscopicity  is  not  fortuitous, but 
reflects  the  feasibility  of  adding  water  and  of  the  ensuing  hydrolysis  of  the 
compounds,  depending  upon  the  ionic  radius  of  the  alkali  element  and,  he 
hence,  the  strength  of  the  base  formed  by  the  given  salt.  The  slight  hygro¬ 
scopicity  of  the  cesium  pyrosulfate  may  be  due  to  the  innate  polarizability 
of  the  cesium  ion  when  acted  upon  by  the  dipole  of  the  water  molecule 
that  penetrates  into  the  crystal  lattice  of  the  pyrosulfate. 

The  pyrosulfates'  hygroscopicity  must  be  allowed  for  whenever 
they  are  utilized. 


Temperatures  at  Which  the  Pyro¬ 
sulfates  of  the  Alkali  Elements 
Begin  to  Change  into  the  Normal 
Sulfates  when  Heated  in  Air 


Compound 

Temp. at  which  the  pyro¬ 
sulfate  begins  to  change 
into  the  normal  sulfate 

LijS^.... 

200-220* 

Na^O,... 

320-370 

KjSiOy. .. . 

370-420 

RbjSjOr.... 

400-450 

Cs,S^.... 

500-520 

We  possess  the  following  information  on  the  temperatures  at 
which  the  pyrosulfates  are  converted  into  normal  sulfates.  Cambi  and 
Bozza  [3]  state  that  sodium  pyrosulfate  is  converted  into  the  normal 
sulfate  at  "red  heat."  At  "red  heat"  rubidium  pyrosulfate  merely  gives 
off  some  sulfur  trioxide,  being  fully  converted  into  the  normal  sulfate 
when  the  temperature  is  raised  still  further. 

Flood  and  Ferland  [1]  investigated  the  thermal  dissociation  of 
some  pyrosulfates  in  an  atmosphere  of  sulfur  trioxide  at  pressures  of  1  to 
0.4  atm.  These  authors  found  that  the  stability  of  the  pyrosulfates  rose 
progressively  in  the  following  series  Ag-Li-Na  and  Tl— K.  The  systems 
of  the  normal  sulfate  and  the  pyrosulfate  were  investigated  in  various 
temperature  ranges; 

Li*S04-Li2S20j  371-427" 

Na,S04-  NajSjO,  555-  655* 

K,S04-K2S,07  653- 72 r 


We  have  investigated  the  temperatures  at  which  the  transition  of  the  pyrosulfates  to  normal  sulfates  sets  in 
when  they  are  heated  in  air.  Samples  of  the  preparation,  weighing  0.8-1  g  approximately,  were  heated  in  porcelain 
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crucibles  in  an  electric  furnace  to  constant  weight,  the  temperature  being  gradually  raised  and  the  weight  being 
checked  at  intervals.  The  temperature  at  which  the  first  loss  of  weight  amounting  to  at  least  0.005  g  was  taken  to 
be  the  temperature  at  which  the  pyrosulfate  begins  to  decompose. 

The  SOs  content  of  the  end  products  corresponded  to  that  in  the  normal  sulfates. 

The  temperatures  at  which  we  found  the  pyrosulfates  beginning  to  change  into  the  normal  sulfates  are  listed 
in  Table  4. 


It  should  be  noted  that  sulfur  trioxide  begins  to  split  out  of  the  pyrosulfates  of  sodium  and  potassium  at 
temperatures  that  are  about  50“  below  their  melting  points.  This  process  is  a  time-governed  one,  however,  a  rather 
long  heating  period  being  required  for  complete  decomposition.  Thus,  melting  the  salt  rapidly  does  not  enuil  any 
perceptible  decomposition. 

The  pyrosulfates  of  lithium  and  rubidium  break  down  immediately  after  these  compounds  are  fused.  Cesium 
pyrosulfate  begins  to  decompose  fat  above  its  melting  point. 

The  rate  at  which  the  pyrosulfates  are  converted  into  the  normal  sulfates  is  indicated  by  the  fact  that  in 
cesium  pyrosulfate,  for  example,  the  decomposition  reaction  sets  in  slowly  at  500-520“,  becomes  more  intensive  at 
550-570“,  and  is  completed  only  at  600“.  The  complete  transformation  of  the  sample  used  (0.8  g)  into  the  normal 
sulfate  required  heating  for  a  total  of  18  hours. 


When  we  compare  the  temperatures  at  which  the  various  pyrosulfates  begin  to  change  into  the  normal  sul¬ 
fates.  we  find  that  the  thermal  stability  of  the  pyrosulfates  of  the  alkali  elements  increases  progressively  from  lith' 
ium  to  cesium.  Apparently,  as  the  ionic  radius  of  the  cation  increases  in  size,  the  polarizing  effect  of  the  latter, 
which  is  located  in  the  outer  sphere  of  the  coordination  compound: 


-  O  -1 
OSO 
SOa 


Me, 


upon  the  anion  progressively  diminishes  resulting  in  an  increase  in  the  stability  of  the  pyrosulfates.  This  pattern  of 
behavior  conforms,  to  the  well-known  general  rules  governing  the  manner  in  which  the  stability  of  coordination  com¬ 
pounds  depends  upon  the  i^operties  of  the  cation  in  the  second  sphere  of  these  compounds  [7]. 

The  fact  that  the  thermal  stability  of  the  pyrosulfate  is  less  than  that  of  the  normal  sulfates  [8]  may  be  attrib¬ 
uted  to  the  presence  of  an  appreciable  counterpolarization  effect  in  the  anion  due  to  the  presence  of  a  second  sulfur 
ion.  As  has  been  stated  above,  rubidium  and  cesium  compounds  of  the  MejO-SSO^MejSiOtsltype,  i.e.,  containing  even 
more  sulfur  atoms  in  the  anion,  are  extremely  unstable,  being  readily  converted  into  the  ordinary  pyrosulfates  when 
heated. 

As  indicated  in  the  literature,  the  transformation  of  pyrosulfates  into  the  normal  sulfates  by  the  application 
of  heat  is  facilitated  by  the  addition  of  ammonium  carbonate.  In  the  analytical  determination  of  potassium  as  its 
normal  sulfate,  for  example,  ammonium  carbonate  is  employed  to  decompose  the  KjS^Oy  mixed  with  the  KJSO4  — 

"if  solid  ammonium  carbonate  is  added,  the  SO5  is  converted  into  ammonium  sulfate,  which  is  highly  volatile  and 
can  be  eliminated  at  a  lower  temperature  without  any  loss  of  potassium"  [9].  We  ran  experiments  on  the  effect  of 
ammonium  carbonate  upon  the  stability  of  the  pyrosulfates  of  all  the  alkali  elements  to  check  the  correctness  of 
these  instructions. 

As  is  seen  from  the  figures  in  Table  5,  we  found  that  when  the  pyrosulfates  of  the  alkali  elements,  with  the 
sole  exception  of  rubidium  pyrosulfate,  are  heated  with  ammonium  carbonate,  they  actually  do  change  into  the 
normal  sulfates  at  lower  temperatures.  The  effect  is  not  too  great,  however.  The  addition  of  ammonium  carbonate 
produces  a  drop  of  30-50“  in  the  temperature  at  which  the  pyrosulfates  begin  to  decompose,  the  drop  attaining  100“ 
only  in  the  case  of  cesium  pyrosulfate. 

References  in  the  literature  also  state  that  the  conversion  of  hydrosulfates,  and  hence  of  the  pyrosulfates,  of 
the  alkali  elements  into  the  normal  sulfates  is  accelerated  in  a  cunent  of  ammonia.  Hinrichsen  and  Sachsel  [10], 
for  example,  recommend  that  rubidium  pyrosulfate  be  calcined  in  a  current  of  NI^  to  prepare  the  normal  sulfate. 

A  sample  of  the  pyrosulfate  was  placed  in  a  porcelain  boat  and  brought  to  constant  weight  at  700-750“  in  a 
current  of  ammonia,  then  placed  within  another  protective  boat  and  inserted  into  the  porcelain  tube  of  an  electric 
furnace  whose  temperature  was  gradually  raised.  When  the  required  temperature  was  attained,  a  current  of  dry 
arrunonia  was  passed  through  the  tube  at  the  rate  of  6  liters  per  hour. 
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TABLE  5 


Effect  of  Adding  Ammonium  Carbonate  Upon 
the  Temperature  at  Which  Pyrosulfates  Begin 
to  Change  into  Normal  Sulfates _ 


Compound 

Temperatures  at  which  pyrosulfates 
begin  to  change  into  normal  sulfates 

With  (NH^lsCOa 

Without  (NHACOs 

LifSA . 

170-220* 

200-220" 

Na,S,07.... 

270-320 

320-370 

K,S,Ot . 

320-370 

370-420 

400-450 

400-450 

CsiSjOt.... 

400-420 

500-520 

After  heating  was  over,  the  pyrosulfate  was  cooled  in 
a  cunent  of  air  that  had  been  previously  dried  in  wash  bot¬ 
tles  containing  sulfuric  acid  and  in  towers  filled  with  phos¬ 
phoric  anhydride. 

Our  first  experiments  on  heating  lithium  pyrosulfate 
in  a  current  of  ammonia  showed  that  its  conversion  into  the 
normal  sulfate  was  a  complicated  process.  At  first,  its  weight 
increases  due  to  the  addition  of  ammonia  to  the  pyrosulfate 
and  the  formation  of  an  intermediate  compound,  which  is 
transformed  into  the  normal  sulfate  as  the  temperature  con¬ 
tinues  to  rise. 

We  found  that  ammonia  is  added  even  at  room  temp¬ 
erature  (20-25*),  the  time  required  for  this  process  being  pro¬ 
portional  to  the  amount  of  pyrosulfate. 


Heating  the  intermediate  product  in  a  cunent  of  ammonia  for  an  hour  at  120,  170,  and  220*  showed  that  the 
product  is  thermally  stable  in  this  interval  as  well.  The  behavior  of  the  product  was  investigated  in  a  current  of  dry 
air  at  the  same  temperatures.  No  changes  were  observed. 


TABLE  6 

°lo  of  NHj  in  the  Product  of 
the  Reaction  of  Lithium 
Pyrosulfate  with  Gaseous 
Ammonia 


Weight  of 
sample  ,g 

Ammonia  found 

g 

1o 

0.0820 

0.0067 

8.17 

0.0758 

0.0062 

8.18 

0.0750 

0.0062 

8.27 

Average 

8.21 

Our  hygroscopicity  investigations  yielded  positive  results.  The  product  ab- 
sOTbs  hygroscopic  moisture,  which  is  then  given  off  in  the  current  of  dry  air  even 
at  room  temperature. 

These  latter  observations  compelled  us  to  suppose  that  the  substance  pro¬ 
duced  by  the  action  of  gaseous  ammonia  upon  lithium  pyrosulfate  was  a  definite 
chemical  compound  rather  than  a  product  of  the  adsorption  of  ammonia  on  the 
lithium  pyrosulfate.  The  percenuge  of  ammonia  was  determined  in  three  samples 
of  the  preparation  in  order  to  establish  the  composition  of  this  compound. 

The  results  are  given  in  Table  6. 

The  compound  LjjSjOy-NHj  has  8.21<7o  of  ammonia.  When  the  temperature 
is  raised  above  220“,  the  LijS^O^-NHs  begins  to  give  up  its  ammonia  and  then  its 
SOj,  being  transformed  into  the  normal  sulfate. 


TABLE  7 

Comparison  of  the  Temperatures  at  Which  the 
Pyrosulfates  of  the  Alkali  Elements  are 
Converted  into  the  Normal  Sulfates  when 
Heated  in  Currents  of  Ammonia  and  of  Air 


Our  efforts  to  secure  analogous  ammonia  addition 
products  of  the  pyrosulfates  of  the  other  alkali  elements  at 
room  temperature  or  after  heating  all  met  with  failure. 
When  heated,  the  pyrosulfates  of  sodium, potassium,  and 
cesium  were  converted  into  the  normal  sulfates,  while  the 
rubidium  pyrosulfate  was  converted  into  the  sulfide. 


Compound 

Temperatures  at  which  pyrosulfates 
begin  to  change  into  normal  sulfates 

In  a  current  of  ammohia 

In  air 

Li,S,OT... 

220-270* 

200-220“ 

NajSjOj... 

320-370 

320-370 

KgS^Oj... 

370-420 

370-420 

Rb^S20y..  • 

Converted  to  a  sulfide 

400-450 

Cs2S|Qf... 

370-420 

500-520 

The  temperatures  at  which  the  pyrosulfates  begin  to 
change  into  normal  sulfates  when  heated  in  a  current  of 
ammonia  are  listed  in  Table  7.  ^ 

We  see  from  Table  7  that  heating  in  ammonia  has 
no  perceptible  effect  upon  the  temperature  at  which  the 
pyrosulfates  of  sodium  and  potassium  are  converted  into  the 
ncsmal  sulfates,  compared  to  their  heating  in  air. 

Only  in  the  case  of  the  cesium  pyrosulfate  did  we 
find  the  conversion  temperature  lowered  by  100-150*.  The 
higher  temperature  at  which  lithium  pyrosulfate  is  conver¬ 


ted  into  the  normal  sulfate,  as  compared  with  its  heating  in  ak,  does  not  apply  to  the  LijSsOy,  but  rather  to  its 
ammonia  compound,  Li^SjOy-NHj. 


The  singular  behavior  of  rubidium  pyrosulfate  is  worthy  of  note,  it  being  reduced  by  the  ammonia  to  the 
sulfide,  beginning  at  300-350*.  At  700*  the  reduction  product  is  completely  volatilized. 


We  also  ran  experiments  to  ascertain  the  behavior  of  the  pyrosulfates  of  the  alkali  elements  when  heated  in 
a  current  of  hydrogen. 
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As  we  see  from  Tabl^  8,  heating  in  a  current  of -hydrogen 
lowers  the  temperature  at  which  lithium  and  sodium  pyrosul- 
fates  ate  converted  into  their  normal  sulfates,  compared  with 
heating  in  a  current  of  ammonia.  The  temperature  at  which  the 
potassium  pyrosulfate  was  converted  proved  to  be  the  same  in 
both  cases,  whereas  the  cesium  pyrosulfate  was  converted  into 
the  normal  sulfate  at  a  higher  temperature.  As  in  the  current  of 
ammonia,  the  rubidium  pyrosulfate  yielded  a  sulfide. 

In  conclusion,  we  should  like  to  state  that  none  of  the 
various  methods  of  accelerating  the  decomposition  of  the  pyro- 
sulfates  utilized  by  us  yielded  substantial  results.  The  principal 
factor  determining  the  rate  at  which  a  pyrosulfate  is  converted 
into  a  normal  sulfate  is  the  temperature.  The  temperatures  at 
which  the  decomposition  reactions  of  the  pyrosulfates  set  in 
fix  the  limits  within  which  these  compounds  can  be  heated 
without  losing  sulfur  trioxide.  Utilizing  temperatures  that  are 
150-200”  higher  makes  it  possible  to  effect  rapid  decomposition 
of  the  pyrosulfates. 

SUMMARY 

1.  The  pyrosulfates  of  all  the  alkali  elements  have  been  produced,  their  melting  points  measured,  and  the 
temperatures  at  which  they  begin  to  change  into  normal  sulfates  determined  under  various  conditions. 

2.  The  melting  points  of  the  pyrosulfates  rise  isogressively  from  lithium  (205”)  through  sodium  (402”)  to 
potassium  (440”),  after  which  they  drop  off  to  rubidium  (401.5”)  and  cesium  (280”). 

3.  The  thermal  stability  of  the  pyrosulfates  rises  iwogressively  from  lithium  to  cesium.  The  temperature  at 
which  LitSjOf  begins  to  decompose  is  200-220”,  and  CsjStOj  is  500-620”.  The  pattern  of  changes  in  stability  of  the 
pyrosulfates  is  discussed  from  the  standpoint  of  concepts  of  the  polarizii^  action  of  ions. 

4.  Adding  ammonium  carbonate  merely  lowers  the  decomposition  temperature  of  the  pyrosulfates  negligibly. 
This  additive  has  no  effect  upon  rubidium  pyrosulfate, 

5.  Heating  cesium  pyrosulfate  in  a  current  of  ammonia  accelerates  its  decomposition  noticeably.  Under  these 
conditions  the  pyrosulfate  of  rubidium  is  converted  into  its  sulfide.  The  temperatures  at  which  decomposition  sets  in 
are  not  affected  by  ammonia  in  the  other  pyrosulfates. 

6.  Heating  rubidium  pyrosulfate  in  a  cunent  of  hydrogen  results  in  formation  of  a  sulfide.  Heating  in  a  current 
of  hydrogen  has  no  substantial  effect  upon  the  temperature  at  which  the  pyrosulfates  of  the  other  alkali  elements 
begin  to  decompose. 

7.  It  has  been  found  that  lithium  pyrosulfate  forms  the  addition  product  Li^SjOr*  NH3,  in  a  cunent  of  ammon¬ 
ia.  The  thermal  stability  of  this  compound  has  been  investigated. 
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TABLE  8 

Comparison  of  the  Temperatures  at  Which  the 
Pyrosulfates  of  Alkali  Elements  are  Converted 
into  Normal  Sulfates  when  Heated  in  Currents 
of  Hydrogen  and  of  Ammonia 


Compound 

Temperatures  at  which  pyrosulfates 
are  converted  into  normal  sulfates 

In  a  current  of 
hydrogen 

In  a  cunent  of 

ammonia 

LijSjOy... 

170-220” 

220-270” 

NajSjOT... 

270-320 

320-370 

KtSiOf.... 

370-420 

370-420 

Rb|S207.. . 

Converted  to  a 

Converted  to  a 

sulfide 

sulfide 

CSjSjOy.. . 

470-520 

370-420 
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THE  ACTION  OF  LITHIUM  HALIDES  UPON  ESTERS  OF  PHOSPHOROUS  ACID 


V.  S.  Abramov  and  O.  D.  Samoilova 


There  are  no  researches  on  the  action  of  halides  of  the  alkali  elements  upon  esters  of  phosphorous  acid. 

We  have  previously  [1]  investigated  the  action  of  the  halides  of  the  alkali  elements  sodium,  potassium, 
and  lithium  upon  the  esters  of  alkoxymethylphosphinic  acids,  finding  that  heat  caused  the  metal  to  replace  one 
of  the  ester  Dadicals,  which  was  evolved  as  an  alkyl  halide.  The  overall  equation  may  be  written  as  follows: 

GHjOR*  RO  CHjOR' 

(R0)2RQ  +MeHal— ►  +  RHal. 

^  OMe 

By  way  of  analogy  with  these  reactions  we  made  a  study  of  the  action  of  the  lithium  halides  upon 
esters  of  phosphorous  acid.  We  found  that  lithium  halides  do  not  react  with  phosphorous  acid  esters  at  or¬ 
dinary  temperature,  though  dissolution  is  violent  when  the  mixture  is  heated.  We  succeeded  in  distilling 
an  alkyl  halide  from  the  reaction  products,  the  residue  consisting  of  a  lithium  salt’ that  proved  to  be  a  lith¬ 
ium  dialkylphosphite  upon  analysis.  The  overall  reaction  may  be  written  as: 

(R0)3P  +  LiBr  — ►  (RO)iPOLi  +  RBr. 

We  reacted  lithium  bromide  and  chloride  with  the  ethyl  and  butyl  esters  of  phosphorous  acid,  obtain¬ 
ing  lithium  diethyl-  and  dibutylphosphite.  Sodium  iodide  also  acts  upon  esters  of  phosphorous  acid,  as  has 
been  demonstrated  in  preliminary  tests. 

The  mechanism  involved  in  these  reactions  must  evidently  be  conceived  of  in  this  way:  in  the  first 
stage  the  lithium  halide  is  probably  added  to  the  phosphorus  acid  ester.  This  is  borne  out  by  analysis  of  the 
product  secured  by  dissolving  lithium  bromide  in  triethylphosphite  in  a  benzene  medium,  which  contains  3Pjo 
less  phosphorus  than  lithium  diethylphosphite,  but  much  more  than  the  addition  product.  The  alkyl  halide 
has  split  out  during  the  ensuing  stage. 


EXPERIMENTAL 

Action  of  lithium  bromide  upon  the  butyl  ester  of  phosphorous  acid.  1.74  g  of  lithium  bromide  was 
heated  with  5  g  of  the  butyl  ester  of  phosi^orous  acid.  The  lithium  bromide  dissolved  in  the  ester  at  120“, 
with  violent  frothing.  The  heating  lasted  30  mimtes.  Then  butyl  bromide  (b.p.  98“j  n^  1.4312)  was  dis¬ 
tilled  from  the  reaction  flask,  the  residue  in  the  flask  solidifying  to  a  porous  white  mass.  The  salt  was  washed 
with  absolute  alcohol  and  dried  in  vacuum.  The  salt  was  a  white  powder  that  was^insoluble  in  alcohol  or 
ether,  though  soluble  in  water.  The  melting  point  of  the  salt  was  456-460*,  determined  in  a  device  using  air 
heating. 

Found  P  15.58,  15.62.  CgHigOjPLi  Calculated <7o:  P  15.50. 

Action  of  lithium  chloride  upon  the  butyl  ester  of  phosphoric  acid. .  0.68  gram  of  lithium  chloride  was 
heated  in  a  flask  with  4  g  of  the  butyl  ester  of  phosphorous  acid.  The  lithium  chloride  dissolved  in  the  ester 
at  120“  with  frothing.  The  distilled  butyl  chloride  (b.p.  77*.  np  1.4034)  totaled  1.1  g  or  of  the  theoreti¬ 
cal.  The  residue  was  a  white  powder  whose  properties  were  the  same  as  those  described  in  the  preceding  ex¬ 
periment,  M.  p.  455-458*.  The  mixed  melting  point  was  456-460*. 

Action  of  lithium  bromide  upon  the  ethyl  ester  of  phosphorous  acid.  2.1  grams  of  lithium  bromide  was 
heated  in  a  flask  with  4  g  of  the  ethyl  ester  of  phosphorous  acid  in  20  ml  of  benzene.  The  lithium  bromide 
dissolved  after  the  mixture  had  been  boiled  for  a  long  time.  A  white  precipitate  settled  out  when  the  mixture 
cooled.  The  benzene  was  decanted,  and  the  residue  was  dried  in  vacuo  on  a  water  bath  at  30-35*.  The  resi¬ 
due  was  a  white  powder  that  was  insoluble  in  cold  benzene,  alcohol,  or  ether  and  soluble  in  water.  The 
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precipitate  contained  halogen. 

Found  P  18.17,  18.67.  CjH^OjPLiBr.  Calculated  P  12.25. 

Then  the  residue  was  heated  in  vacuo  to  100*.  A  B'eilstein  test  of  the  residue  was  negative. 

Found  «lo:  P  21.09,  21.20.  C^HjoOjPLi.  Calculated  <55>:  P  21.52. 

Action  of  lithium  chloride  upon  the  ethyl  ester  of  phosphorous  acid.  1.02  grams  of  lithium  chloride  were 
heated  to  200-810*  for  three  hours  in  a  sealed  tube  with  4  g  of  the  ethyl  ester  of  phosphorous  acid.  After  the 
tube  had  been  cooled,  it  contained  a  white  ixecipitate,  which  was  washed  with  ether.  It  is  soluble  in  alcohol 
and  ether. 

Found  «lo-  P  21.02,  21.78.  C4Hu05PLi.  Calculated  »}o-.  P  21.52. 

SUMMARY 

It  has  been  found  that  lithium  chloride  and  bromide  react  with  the  esters  of  phosphorous  acid, 
splitting  out  alkyl  bromide  and  {voducing  a  lithium  dialkylphosphite. 
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THE  ACTION  OF  HALIDES  OF  THE  ALKALI  METALS  UPON  THE  ESTERS  OF 

ALKYLPHOSPHINIC  ACIDS 

V.  S.  Abramov  and  O.  D.  Samoilova 


The  action  of  alkyl  halides  upon  acid  salts  is  one  of  the  methods  of  producing  esters.  In  this  reaction 
a  halide  is  produced  together  with  the  ester.  It  is  generally  believed  that  this  reaction  proceeds  to  completion 
and  cannot  be  reversed. 


In  some  of  our  i»eceding  papers  [1]  we  have  shown  that  sodium  halides  react  with  esters  of  alkylphos- 
phinic  acids  to  yield  a  mixed  salt -ester  of  the  alkylphosphinic  acid  and  the  alkyl  halide.  In  this  case  we  found 
a  reverse  reaction  rather  than  in  the  formation  of  the  esters.  The  action  of  sodium  halides  upon  esters  of  alkylphos¬ 
phinic  acids  was  observed  in  our  study  of  the  reactions  of  alkyl  halides  with  salts  of  dialkylphosphorous^cids, 
which  proceeded  as  follows; 


(R.O)2PONa  +  R’Hal  (RO)iP<^ 


+  NaHal 


RQ 


+  NaHal 


NaO'^^R* 


+  RHal. 


The  sodium  halide  produced  during  the  first  stage  of  the  reaction  is  not  separated  from  the  reaction  pro¬ 
ducts,  the  reaction  mass  being  heated.  This  course  of  the  reaction  cannot  be  regarded  as  a  universal  one,  how¬ 
ever.  Only  those  esters  of  alkoxymethylphosphinic  acids  or,  generally  speaking,  esters  of  alkylphosphinic  acids, 
the  alkyl  of  which  contains  a  polar  group,  react  with  sodium<  halides  to  yield  mixed  salt-esters.  The  nature  of 
the  alkyl  group  likewise  affects  the  course  of  this  reaction.  It  has  not  been  possible  as  yet  to  establish  any  de¬ 
finite  pattern  of  behavior  in  these  reactions,  however,  owing  to  the  lack  of  sufficient  experimental  data. 


A  mechanism  had  been  i»oposed  by  V.  S.  Abramov  and  E.  A.  Miletskova  [2]  for  the  course  taken  by 
these  reactions:  the  sodium  halide  being  added  at  the  P==0  bond  and  then  the  alkyl  halide  split  off: 


/ 

(R0)2P^ 

D 


+  NaHal 


Up  to  the  present  reactions  of  this  sort  have  been  observed  only  in  the  action  of  an  alkyl  halide  upon 
a  sodium  dialkyli^osphite,  with  subsequent  distillation  of  the  reaction  products  from  the  reaction  mixture. 

The  sodium  halide  formed  when  the  reaction  is  carried  out  in  anhydrous  ether  is  highly  disperse  or,  more 
accurately  speaking,  is  colloidal  in  its  nature,  reacting  with  the  pure  esters  of  the  alkylphosphinic  acids 
when  it  is  recovered  from  the  reaction. 

The  present  paper  sets  forth  the  results  of  reacting  halides  of  the  alkali  metals  with  esters  of  alkylphos¬ 
phinic  acids.  The  objective  of  the  research  was  determination  of  how  the  formation  of  mixed  salt-esters  of  al¬ 
kylphosphinic  acids  was  affected  by  the  nature  of  the  metal  and  the  halogen. 

In  out  study  of  the  action  of  halides  upon  esters  of  alkylphosphinic  acids  we  prepared  the  butyl  ester  of 
ethoxymethylphosphinic  acid,  the  butyl  ester  of  ethyl  phosphonacetate,  and  the  isopropyl  ester  of  ethoxymethyl- 
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phosphinic  acid.  These  esters  were  prepared  by  reacting  bromomethyl  ethyl  ether  with  the  butyl  and  isopropyl 
esters  of  phosii^orous  acid,  respectively,  and  reacting  ethyl  bromoacetate  with  butyl  ester  of  phosphorous  acid. 

We  investigated  the  action  of  sodium,potassium, and  lithium  chlorides,  bromides,  and  iodides  upon  these 
esters  of  the  alkylphosi^inic  acids.  We  found  that  the  ordinary  crystalline  halides  of  the  alkali  metals  react 
with  esters  of  alkylphosphinic  acid,  yielding  mixed  salt-esters  as  follows: 


^HjOCtHg  CHjOCjHs 

(RO)jP^  +  MeHal  =  (RO)*  jV; 


1  OMe 

Hal 


O  CH,0C,H5  RO  yCHjOCiHg 

^  "  X-  * 


RQ 

Ri 


OMe 
Hal 


RHal. 


This  pattern  of  the  action  of  the  halides  is  founded  solely  upon  the  jxroperties  of  the  reagents  and  of  the 
end  ivoducts.  We  have  not  secured  a  direct  proof  that  the  reaction  actually  follows  this  course.  Isolation  of 
the  intermediate  product  of  the  addition  of  the  halide  to  the  ester  of  the  alkylphosphinic  acid  would  consti¬ 
tute  direct  proof  of  the  reaction  mechanism.  In  this  respect,  the  action  of  lithium  halides  upon  the  butyl  and 
isopropyl  esters  of  ethoxymethylphosphinic  acid  are  of  the  greatest  interest,  because  these  reactions  yield  addi¬ 
tion  products  whose  composition  is; 

(CH5),CH0  CHjOCjHg 

and 

(CH3)2CHd' 


POLi 

Hal. 


C4H,C^  CHjOCjHg 


where  Hal  =  chlorine,  bromine,  and  iodine.  The  structure  of  the  resultant  products  may  also  be  represented 
as  that  of  phosphonium  salts; 


C4H,0  CHjOCjHg- 

I  Xx  ^ 

Lc4hX  DLi 

which  requires  further  study  and  proof,  however 


(CH,)2CHO^^^H*OCjH5 
L(CH8)iCHO  \)Li 


Hal. 


When  the  addition  products  are  heated,  the  alkyl  halide  splits  out,  and  the  products  are  converted  into 
the  following  mixed  salt-esters  of  ethoxymethylphosphinic  acid; 


C4H^  ^HjOCjHg 


Xti 


(CH5)jCHQ^CH30C*H5 


This  suggested  (and  confirmed)  mechanism  for  the  action  of  halides  of  the  alkali  metals  upon  the  esters 
of  alkylphosphinic  acids,  involving  the  addition  of  the  halide  at  the  P=0  phosphoric  bond,  raised  the  question 
of  the  action  of  halides  upon  esters  that  contain  a  P=0  bond.  Preliminary  tests  have  indicated  that  butyl  phos¬ 
phate  reacts  with  sodium  bromide  and  iodide,  yielding  mixed  salt-esters  of  phosphoric  acid  as  follows; 

C4H3O  C4HA  />Na  C4H4O  ONa 

C4H^^==0  +  NaBr -►C4H,0^I>/  — +  C4H^r 

C4H,0''^  C4H/J  ^Br  C4H9O  T) 


EXPERIMENTAL 

Synthesis  of  the  butyl  ester  of  ethyl  phosphonacetate.  28,5  grams  of  butyl  phosphite  was  placed  in  a 
flask  fitted  with  a  reflux  condenser,  and  19  g  of  ethyl  bromoacetate  was  added.  After  all  the  ester  had  been 
added,  the  reaction  products  were  refluxed  for  one  hour  at  60*  and  then  fractionated  at  ordinary  pressure.  At 
100*  9  g  (60‘5l»  of  the  theoretical)  of  butyl  bromide  with  n^  1,4375  (1.4398  in  the  literature)  was  distilled  off, 
the  residue  yielding  (after  two  consecutive  fractionations  in  vacuo)  the  butyl  ester  of  ethyl  phosphonacetate, 
with  a  b.p.  of  182-182.5*  at  16  mm.  The  ester  yield  was  1  g,  or  65^  of  the  theoretical, 
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1.4340;  dj*  1.043;  MR^  69.66;  calculated  69.27. 

0.2260  g,  0.2032  g  substance:  49.3,  45.4  ml  NaOH  (T  =  0.01779).  Found  P  10.74,  11.02. 

CaH«AP-  Calculated  P  11.05. 

Synthesis  of  the  butyl  ester  of  ethoxymethylphosphinic  acid.  25  grams  of  monobromomethyl  ethyl  ether 
was  added  to  46  g  of  butyl  phosjrfiite,  heat  being  evolved  as  addition  took  place.  The  reaction  was  completed 
by  heating  the  reaction  mixture  to  150-*160“  for  1.5  hours.  The  reaction  products  were  then  fractionated.  18 
grams  (or  73*55)  of  the  theoretical)  of  butyl  bromide  (n^  1.4370),  was  driven  off  at  100*  and  atmospheric  pres¬ 
sure.  Two  successive  frationations  of  the  residue  yielded  the  butyl  ester  of  ethoxymethylphosphinic;  acid, 
with  a  b.p.  of  143-143.5*  at  10  mm.  The  ester  yield  was  35  g,  or  77<7o  of  the  theoretical. 

ng  1.4380;  0.998;  MRd  64.67;  calculated  64.81. 

0.2160  g,  0.2556  g  substance:  53.88  ml, 65.5  ml  NaOH  (T  =  0.01779).  Found  <7o:  P  12.28,  12.61. 

CuHjj04P.  Calculated‘55>:  P  12.3. 

Synthesis  of  the  isopropyl  ester  of  ethoxymethylphosphinic  acid.  The  isopropyl  ester  of  ethoxymethyl¬ 
phosphinic  acid  was  synthesized,  like  the  butyl  ester,  from  35  g  of  isopropyl  phosphite  and  23  g  of  monobromo 
methyl  ethyl  ether.  We  secured  11.5  g,  or  55*55)  of  the  theoretical,  of  isopropyl  bromide,  with  a  b.p.  of  59-60*. 
The  yield  of  the  isopropyl  ester  of  ethoxymethylphosphinic  acid,  with  a  b.p.  of  107.5-108*  at  8  mm,  was  23  g 
or  60*55)  of  the  theoretical. 

ng  1.4195;  dj®  1.007;  56.24;  calculated:  55.44. 

0.2600  g,  0.1427  g  substance:  64.0  ml,  36.1  ml  NaOH  (T  =  0.02094).  Found  <^:  P  13.55,  14.0. 

CjHAP.  Calculated  *7oi  P  13.80. 

Action  of  the  halides  of  the  alkali  metals  on  the  synthesized  esters  of  phosphinic  acids.  The  reaction 
was  carried  out  in  a  two^ecked  flask  so  designed  that  one  mouth  was  stoppered  by  a  hollow,  ground-glass 
stopper  containing  a  capillary,  while  the  other  was  stoppered  with  a  reflux  condenser,  which  we  could  con¬ 
vert  into  a  straight  condenser  by  turning  it  upside  down.  This  setup  enabled  us  to  drive  off  the  liquid  pro¬ 
ducts  after  the  reaction  was  complete  without  taking  the  apparatus  apart. 

A  n  equimolecular  quantity  of  the  alkali  metal  halide  was  added  to  the  ester  of  phosphinic  acid.  The 
reaction  products  were  then  refluxed  until  the  salt  dissolved.  Then  the  straight  condenser  was  employed  to 
drive  off  the  alkyl  halide, which  was  identified  by  its  boiling  point  and  refractive  index.  What  was  left  as  a 
residue  was  a  mixed  salt -ester  of  the  alkylphosphinic  acid,  which  was  washed  with  alcohol  or  recrystallized 
from  alcohol  andanalyzedfor  its  phosphorous  content.  It  was  very  hard  to  purify  the  salt-ester,  however,  so 
that  the  phosirftorus  percentage  found  was  sometimes  very  far  from  the  theoretical  percentage. 

The  results  of  the  reaction  of  the  alkali  metal  halides  with  the  butyl  ester  of  ethyl  phosphonacetate 
ate  listed  in  Table  1. 

The  results  of  the  reaction  of  sodium  and  potassium  halides  with  the  butyl  ester  of  ethoxymethyl¬ 
phosphinic  acid  are  summarized  in  Table  2. 

Action  of  lithium  chloride  upon  the  dibutyl  ester  of  ethoxymethylphosphinic  acid.  When  0.33  g  of 
lithium  chloride  was  heated  to  105*  with  2  g  of  the  butyl  ester  of  ethoxymethylphosphinic  acid,  the  lithium 
chloride  dissolved  and  the  reagents  reacted  together.  Part  of  the  lithium  chloride  did  not  enter  into  the 
reaction.  The  compound  that  was  produced  did  not  dissolve  in  organic  solvents  and  therefore  was  not  purified. 

Analysis  of  the  crude  product  for  phosphorus  gave  the  following  results: 

Found  *7o:  P  6.9,  7.0,  6.72.  C7Hi^4PLi.  Calculated  *55):  P  16.35.  CiiH2504P.  Calculated  *^:  P  10.72. 

We  evidently  secured  an  addition  product  that  contained  part  of  the  unreacted  lithium  chloride.  The 
unreacted  estu  of  the  phosphinic  acid  was  eliminated  by  washing  the  product  with  alcohol. 

Action  of  lithium  bromide  upon  the  dibutyl  ester  of  ethoxymethylphosphinic  acid.  When  0.69  g  of 
lithium  bromide  was  heated  to  60-75*  with  2  g  of  the  butyl  ester  of  ethoxymethylphosphinic  acid,  dissolution 
was  complete  and  the  lithium  bromide  reacted  with  the  ester.  The  product  crystallized  when  it  was  chilled 
with  snow.  The  melti;^  point  of  the  crystals  was  92-94*. 
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TABLE  1 


No. 

Halide 

Ester  of 

■  Heating 

Product 

Analysis  for  P,  °}o 

Remarks 

Phosphinic  acid  _ 

temperature 

obtained 

1 

NaCl 

C4H^  yCHjCOOCjHg 
C4H,0^\) 

210-230* 

Does  not 

react 

- 

- 

2 

NaBr 

C4H^  yCHjCOOCjHj 

C4H^  D 

190-200 

C4H9O  CHjCOOQHj 

X... 

12.6 

12.78, 

12.76 

The  salt  dis¬ 
solved  in  alco¬ 
hol,  precipitat 
ing  the  ester 

3 

Nal 

C4H^  CHjCOOCtHg 
C4H^Cr  \) 

210-220 

C4HJO  yCHjCOOCjHj 

X 

0  ^ONa 

12.6 

12.08, 

12.45 

TABLE  2 


No. 

Halide 

Ester  of  Phosphinic  acid 

Heating 

Product 

Analysis  for  P,^ 

Distillation 

Isdxed  alk^  halide 

temperature 

obtained 

Calc. 

Expert. 

temperature 

Boiling  pt 

1 

NaCl 

C4H^^yCH,OC,l% 
C4H/5^  \) 

210-220* 

Does  not 

react 

■ 

- 

- 

2 

NaBr 

C4H,Q^^H,0C,H5 
C4H^  ^0 

200-210 

C4H,q^^H20C,H5 
0  '^ONa 

14.20 

220-230* 

100* 

1.4368 

3 

Nal 

C4HA  /CHjOCjHg 

C4H^  ^ 

210-217 

C4H,q^  /CHjOCjHg 
(J  \)Na 

14.20 

14.30, 

13.98 

220-230 

128 

1.4795 

4 

KBr 

C4HP  .CHjOCjHb 

150-160 

C4H,0  ^HjOCjHs 

Xk 

13.22 

13.55, 

13.10 

200-210 

100 

1.4305 

5 

KI 

C4HP  /CHiOCjHg 
C4H5O  ^0 

150-160 

C4H,q^yCH20CjH5 

Xk 

13.22 

12.70, 

13.00 

200-215 

128 

1.4795 

TABLE  3 


No. 

Halide 

Ester  of  Phosphinic  acid 

Heating 

Product  obtained 

1  Distillation 

[isolated  alkl^  halide 

temperature 

Calc. 

Experi . 

tempocature 

Boiling  pt. 

1 

NaCl 

CjHtO^  CHjOCjH 

250* 

Does  not  react 

- 

- 

- 

- 

- 

2 

NaBr 

C,H,Q  ^HjOCjHb 

CjH,©  ^0 

180  -  190* 

C5H7O  yCHjOCjHj 

0  ^ONa 

15.5 

14.6, 

14.9 

200-210 

57-58* 

1.4202 

0.1043  g,  0.1800  g  substance:  16.4  ml,  26.9  ml  NaOH  (T  =  0.02094).  0.1020  g  substance;  0.0527  g 
AgBr.  Found  %  P  8.70,  8.25;  Br  23.0.  Cal%04BrPLi.  Calculated  P  9.14;  Br  23.55. 

The  addition  product  was  heated  to  150-160"  m  a  flask  attached  to  a  straight  condenser,  butyl  bromide  with  an 
b.p.  of  98*  and  nlj  1.4348  being  driven  off.  The  flask  residue  solidified  into  a  porous  white  mass.  The  salt-ester 
was  insoluble  in  absolute  alcohol. 
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0.0745  g,  0.1007  g  substance:  20.1  ml  27.2  ml  NaOH  (T  =0.2094).  Found  P  14.85,  14.95.  CTHi^^lPLi. 

Calculated  *55);  P  15.35. 

Action  of  lithium  iodide  upon  the  dibutyl  ester  of  ethoxymethylphosphinic  acid.  When  1.2  g  of  lithium  iodide 
was  heated  with  2  g  of  the  butyl  ester  of  ethoxymethylphosphinic  acid,  the  iodide  dissolved  and  the  reagents  reacted 
together.  Dissolution  also  took  place  at  room  temperature.  A  small  quantity  of  liquid  was  distilled  off  at  140*.  The 
residue  solidified  into  a  reddish  hyaline  mass,  which  was  ground  to  a  powder  and  washed  with  alcohol. 

0.1417  g.  0.1805  gsubstance,  27.0,.37.0mlNaOH  (T  =  0.2094).  Found  P  9.37,  9.27.  CuH^O^IPLi. 

Calculated  “/o:  P  8.03.  C7Hi504PLi.  Calculated  <7o:  P  15.35. 

The  results  of  the  reaction  of  sodium  halides  with  the  diisopropyl  ester  of  ethoxymethylphosphinic  acid  are 
summarized  in  Table  3. 

Action  of  sodium  iodide  upon  the  diisopropyl  ester  of  ethoxymethylphosphmic  acid.  When  1.34  g  of  sodium 
iodide  and  2  g  of  the  isopropyl  ester  of  ethoxymethylphosphinic  acid  were  heated  together  to  180*,  they  inter¬ 
acted  and  were  transformed  into  a  homogeneous  mass,  which  hardened  upon  cooling.  The  mass  had  a  reddish 
color  and  deliquesced  when  exposed  to  the  air. 

0.2710  g,  0.1326  g  substance:  43.9,  22.3ml,  NaOH  (T  =  0.01998).  Found  °]o:  P  8.91,  9.34. 

C9H27Q4lPNa.  Calculated  <5i>:  P  8.30. 

Action  of  lithium  chloride  upon  the  diisopropyl  ester  of  ethoxymethylphosphinic  acid.  When  0.38  g  of 
lithium  chloride  and  2  g  of  the  isopropyl  ester  of  ethoxymethylphosphinic  acid  were  heated  together  to  80-85*, 
the  chloride  dissolved  and  reacted,  producing  a  homogeneous  white  mass.  The  reaction  product  was  hygroscopic. 

0.0792  g,  0.1560  g  substance:  15.5  ml, 34.3  ml,NaOH  (T  =  0.01998).  Found  <7o:  P  12.23,  12.16. 

CjHfAClPU.  Calculated  ^o:  P  11.63. 

The  addition  product  was  heated  to  150-160"  with  a  straight  condenser.  A  liquid  with  a  b.p.  of  35-36*,  the 
boiling  point  of  isopropyl  chloride,  was  distilled  off.  The  residue  was  a  white  mass,  which  was  wa  shed  with  al¬ 
cohol  and  analyzed. 

0.0718  g,  0.0886  gsubstance:  21.1  ml,25.75  ml  NaOH  (T  -0.01998).  Found  <51,:  P  16.26,  16.07. 

C*Hi404PLi.  Calculated  <7o:  P  16.49. 

Action  of  lithium  bromide  upon  the  diisopropyl  ester  of  ethoxymethylphosphinic  acid.  When  1.6  g  of 
lithium  bromide  was  heated  to  85-90*  with  3  g  of  the  isopropyl  ester  of  ethoxymethylphosphinic  acid  the 
reagents  interacted,  yielding  an  addition  product.  The  hyaline  mass  deliquesced  in  air. 

0.2468  g,  0.2332  g  substance:  47.0  ml,  43.0  ml  NaOH  (T  -  0.2094).  Found  ^o:  P  10.50.  10.02.  CjHjjiO^prPLi. 

Calculated  %:  P  10. 0 

The  addition  product  was  heated  to  180-190*.  Isopropyl  bromide,  with  a  b.p.  of  58-69“,  n^  1.4198,  which 
agree  with  the  figures  in  the  literature,  was  distilled.  The  residue  was  a  white  porous  mass,  which  was  washed 
with  absolute  alcohol  and  analyzed. 

•  0.0968  g,  0.1530  g  substance:  28.5  mT,  43.9  ml  NaOH  (T  =  0.02094).  Found  %:  P  16.34,  15.9. 

C^Hj^O^PLi.  Calculated  %:  P  16.49. 

Action  of  sodium  bromide  upon  butyl  phosphate  Equimolecular  quantities  of  sodium  bromide  and  butyl 
phosphate  were  heated  to  170-200*.  We  then  distilled  off  a  liquid  product  with  a  b.p.  of  101*,  which  is  that 
of  butyl  bromide.  The  residue  in  the  flask  solidified  into  a  porous  white  mass.  The  residue  was  purified  by 
dissolvir^  it  in  absolute  alcohol. 

0.0736  g  substance:  18.8  ml  NaOH  (T  =  0.01779).  Found  <^:  P  12.58.  CgHj^O^PNa.  Calculated  %.  P  13.35. 

SUMMARY 

1..  The  halides  of  lithium,  sodium,  and  potassium  react  with  esters  of  alkyl-phosphinic  acids  whenever  the 
alkyl  radical  contains  a  polar  group,  yielding  salt-esters  of  these  acids. 

2.  The  velocity  of  the  reaction  of  the  halides  with  the  esters  of  alkylphosphimc  acids  depends  upon  the 
nature  of  the  metal,  the  halogen,  and  the  ester  radical. 
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S.  .The  addition  products  of  lithium  chloride  and  bromide  to  esters  of  alkylphosphinic  acids  have  been 
isolated,  thus  establishing  the  mechanism  involved  in  these  reactions. 

4.'  Sodium  halides  react  with  butyl  phosphate. 
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THE  REACTION  OF  SOME  PHOSPHORUS  HALIDES 

WITH  ESTERS  OF  GLYCOLIC  ACID 

A.Razumov,  V.Kukhtin,  and  N.Sazonova 


The  reaction  of  phosphorus  halides  with  alcohols  has  been  extensively  investigated  and  is  a  matter  of  com¬ 
mon  knowledge.  In  particular,  when  phosphorus  trichloride  or  trlbromide  is  reacted  with  alcohols,  we  get  satisfactory 
yields  of  neutral  or  acid  esters  of  phosphorous  acid,  depending  upon  the  conditions.  As  in  the  case  of  phosphorus  tri¬ 
chloride,  the  reaction  of  other  halogen  compounds  of  phosphorus  of  the  following  types:  ArPClj;  ArjPCl;  (RO)PClj; 
and  to  a  lesser  extent ,  of  the  (RO)jPCl  type,  has  been  investigated  [1-7].  But  alongside  this,  we  have  practically  no 
knowledge  of  the  reaction  of  the  foregoing  phosphorus  halides  with  such  hydroxyl  compounds  as  the  hydroxy  acids, 
or,  more  precisely,  their  esters. 

We  know  of  only  two  brief  references  to  such  compounds  in  the  existing  literature.  The  paper  by  Cook, 
Saunders,  and  McCombie  [8]  gives  an  outline  of  the  reaction  between  phosphorus  trichloride  and  ethyl  lactate,  re¬ 
sulting  in  the  prediction  of  di-(l-carbethoxyethyl)^hosphoric  acid.  The  latter  was  then  converted  into  the  respec¬ 
tive  phenylamide  of  di-(l-carbethoxyethyl)-i)hosphoiic  acid  by  chlorinating  it  still  further  and  then  treating  it  with 
aniline.  No  other  information  is  given,  nor  is  any  of  the  compounds  identified.  The  other  instance  is  that  of  Die¬ 
trich’s  patent,  which  mentions  the  production  of  the  tricarbopropoxymethyl  ester  of  phosphorous  acid  P(CX;H|COOR)j. 
The  ester  is  not  identified  in  the  patent,  nor  is  any  other  information  given  [9]. 

We  were  interested  in  studying  the  reactions  mentioned  above,  as  well  as  the  properties  of  the  resulting  com¬ 
pounds.  We  report  the  results  of  these  investigations  in  the  present  paper. 

The  simplest  representatives  of  the  hydroxy  acids  were  selected,  namely  the  esters  of  glycolic  acid.  The  hal¬ 
ogen  compounds  of  phosphorus  employed  were  phosphorus  trichloride,  the  alkoxydichlorophosphines  ROPCl},  and  the 
dialkoxychlorophosphines  (ROljPCl.  We  tried  to  synthesize  a  phosphite  of  the  P(OCH2COOR)s  type  by  reacting  an 
ester  of  glycolic  acid  with  phosphorus  trichloride  and  dimethylanlline  in  anhydrous  ether, 

PClj  +  SHOCH^COOR  +  aCfiHgNfCHj),  -h  PCOCHjCOOR),  +  SCsHsNfCH,),  *  HCl.  ,  (1) 

In  our  first  experiment,  mn  at  we  were  able  to  recover  substantial  quanties  of  nothing  but  the  respec¬ 

tive  ester  of  chloroacetic  acid.  Nor  were  we  able  to  secure  the  desired  product  in  the  next  experiment,  in  which 
chilling  was  employed,  though  we  did  get  its  isomerization  product,  namely:  ROCC)CH2— PC)(OCH|COOR)|  (I)  the 
yield  being  of  the  theoretical.  As  a  compound  of  penuvalent  phosphorus,  it  did  not  react  with  bromine  or  with 
monovalent  copper  salts.  We  have  established  the  composition  of  the  compound  and  its  properties.  The  production 
of  an  isomerization  product  may  be  explained  in  different  ways.  As  we  know,  such  isomerization  processes  can  be 
brought  about  by  thermal  causes,  but  we  believe  it  is  more  likely  that  this  process  is  due  to  the  formation  of  an 
ester  of  chloroacetic  acid  in  the  reaction  medium. 

Reacting  the  ester  of  glycolic  acid  with  the  dialkoxychlorophosphine  yielded  a  normal  product  as  follows: 

(RO),PCl  +  HOCHjCOOR  +  CsHgNCCH,)!  (ROljPOCHjCOOR  +  C6H5N(CH3)2HC1.  (2) 

(11) 

Using  a  lower  temperature  for  the  reaction  and  a  higher  vacuum  when  fractionating  the  resultant  mixture 
increases  the  yield  of  (II). 

In  addition  to  (II),  we  also  secured  the  compound  ROCCXIHj— P— CX;:H2C00R  (HI). 

O 

The  compound  (HI)  formed  in  a  so-called  Arbuzov  rearrangement,  can  be  produced  only  when  the  reaction  medium 
contains  an  ester  of  chloroacetic  acid,  as  we  have  demonstrated. 
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Compound  (II)  was  processed  under  certain  conditions  with  an  ester  of  chloroacetic  acid  to  provide  more 
convincing  proof  of  the  structure  of  (HI).  As  a  compound  with  trivalent  phosphorus,  the  compound  (II)  should  enter 
into  an  Arbuzov  rearrangement  with  the  ester  of  chloroacetic  acid,  as  follows: 

(  n-C,H70)iP0CHjC00C3H7-n  +  ClCHjCOOCjH7-n -►  (3) 


C 

C 


,H,Q^  ^H,CCXX:5H7 

,h,o^^^\x:h,cooc,H7 


— ►  C^tCI  +  CjHtOCOCHj- 
(IH) 


As  a  matter  of  fact,  this  product  was  isolated  and  its  properties  proved  to  be  the  same  as  those  of  (III).  We  also  se 
cured  the  compound  (IV),  in  addition  to  the  normal  rearrangement  product. 


jCX:3H7-n 


n-  C3H7  — 


(IV) 


|5oc 


CI^COOC3H7-n 


The  only  explanation  for  die  production  of  (IV)  is  the  formation  of  propyl  chloride  during  the  reaction  pictured  in  (3). 
This  chl(»ide  evidently  enters  into  "competition"  with  the  ester  of  chloroacetic  acid,  resulting  in  the  formation  of 
(IV)  by  an  analogous  reaction  (Schema  3). 

We  also  synthesized  the  product  (II)  by  another  method  in  order  to  explore  the  conditions  governing  its 
formation  and  yield.  By  analogy  with  the  A. E.  Arbuzov  method  for  alcoholates  of  alcohols  [10],  we  prepared  a  met¬ 
allic  derivative  of  an  ester  of  chloroacetic  acid  and  then  reacted  it  with  dialkoxychlorophosphine  in  ether  as  follows: 


(RD),PC1  +  NaOCHgCOOR  -#■  (RO),POCH,COOR  +  NaCl.  (4) 

Recovery  of  the  subsunce  requires  repeated  fractionation  in  this  case  as  well,  since  a  rather  complex  mixture  is 
ordinarily  ixoduced  in  the  reaction.  The  resulting  substance  has  properties  that  are  identical  with  those  of  (II),  pro¬ 
duced  by  the  first  method.  As  a  compound  with  trivalent  phosphorus,  it  reacts  violently  with  bromine  and  also  reacts 
with  cuprous  salts,  though  it  does  not  constitute  crystalline  compounds.  For  the  sake  of  comparing  it  with  (II)  we  syn¬ 
thesized  an  isomeric  compound  with  pentavalent  phosi^orus  (V)  in  the  following  reaction: 

(RO),PONa  +  ClCH,COOR  =  (RD),P-Cl%COOR  +  NaCl.  (5) 

O  (V) 

(V)  differs  pronouncedly  from  (II)  and  does  not  react  with  bromine,  nor  does  it  enter  into  reactions  with  cuprous  salts. 

We  succeeded  in  securing  a  small  quantity  (about  10  g)  of  the  normal  reaction  product,  the  composition  of 
which  was  C3H5O— P(OCH3COOC3H5)3  (VI),  by  reacting  ethyl  glycolate  with  an  alkoxydichlorophosphine.  The  compo¬ 
sition  and  the  purity  of  the  isolated  product  were  established  by  analysis  and  by  its  molar  refraction.  The  product 
was  subjected  to  an  Arbuzov  reanangement  by  exposing  it  to  the  action  of  ethyl  iodide,  a  very  small  quantity  of  the 
normal  rearrangement  product,  C3H5-PO(C)CH3CC)OC3H5)3  (VII),  being  recovered. 

This  research  demonstrates  that  the  ease  with  which  chlorine  can  be  substituted  for  a  hydroxyl  group  and 
the  formation  of  esters  of  chloroacetic  acid  both  affect  the  course  of  the  reaction.  There  is  no  doubt  that  chlorin¬ 
ating  ability  diminishes  progressively  in  the  following  order:  PCls"^  ROClj  — ►  (RD)3PC1.  It  is  therefore  easier  to 
secure  a  ncxrmal  product  with  trivalent  phosphorus  by  reacting  an  ester  of  glycolic  acid  with  a  dialkoxychlorophos¬ 
phine,  (R0)3PC1;  this  ixocedure  likewise  gave  us  the  highest  yield.  The  yield  of  the  product  with  an  alkoxydichlo¬ 
rophosphine  was  much  lower,  while  the  reaction  with  phosphorus  trichloride  yielded  nothing  but  a  product  in  an  iso¬ 
meric  sute. 


EXPERIMENTAL 

Reaction  of  Phosphorus  Trichloride  with  Ethyl  Glycolate 

1.  39  g  of  the  ethyl  ester  of  glycolic  acid,  55  g  of  dimethylaniline,  and  anhydrous  ether  as  a  solvent  were 
placed  in  a  flask  fitted  with  a  stirrer,  a  reflux  condenser  and  a  thermometer,  and  the  mixture  was  chilled  with  snow 
vdiile  18  g  of  phosi^orus  trichloride  was  added.  The  temperature  of  the  reaction  mass  was  30-32*.  After  all  the 
phosphorus  trichloride  had  been  added,  the  mass  was  refluxed  for  30  minutes,  the  ether  boiling  gently.  The  dimeth¬ 
ylaniline  hydrochloride  was  filtered  out,  the  ether  driven  off,  and  the  product  fractionated.  Red  idiosphorus  settled 
out  at  a  bath  temperature  of  approximately  120*,  and  a  liquid  with  a  b.p.  of  40-42*  at  15  mm  was  distilled  off, 
which  proved  to  be  ethyl  chloroacetate. 
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2.  39  g  of  ethyl  glycolate  and  46  g  of  dimethylaniline  were  placed  in  the  same  type  of  flask  as  that  used 
in  the  first  test,  and  17.5  g  of  phosphoms  trichloride  was  added.  Anhydrous  ether  was  used  as  the  solvent.  The  reac¬ 
tion  was  run  at  a  temperature  of=-5to-lD*,in  contrast  to  the  first  test,  with  fractionation  performed  at  0.5  mm  vacuum. 
Triple  fractionation  yielded  a  fraction  with  a  boiling  point  of  156-158*  at  0.5  mm— a  colorless  liquid  with  a  faint, 
characteristic  odor.  The  yield  was  18  g  (43‘7o  of  the  theoretical).  The  product  did  not  react  with  a  cuprous  halide, 
nor  did  it  decolorize  bromine.  It  reacted  readily  with  metallic  sodium. 

dj®  1.2134;  ng  1.4405;  MRr)  73.91;  calculated  73.34. 

0.1183  g  substance:  18.70  ml  NaOH.  0.1643  g  substance;  27  ml  NaOH  (1  ml  NaOH  =  0.0005707  g  P). 

Found  P  9.03,  9.37;  CuH^OsP.  Calculated  7o  P:  9.12. 

Analysis  indicated  that  the  product  was  the  compound  (I). 

Synthesis  of  dipropyl-fcarbopropoxymethyl)  phosphite.  For  the  purposes  of  this  synthesis  we  prepared  di-n- 
propoxychlorophosphine  by  a  method  worked  out  in  our  laboratory  [11,12],  and  the  n-propyl  ester  of  glycolic  acid. 
The  latter  was  prepared,  in  accordance  with  the  references  in  the  literature,  from  propyl  chloroacetate  and  sodium 
glycolate  [13].  We  prepared  the  ester  by  reacting  n-propyl  alcohol  with  glycolic  acid  in  the  presence  of  sulfuric  acid, 
using  5  g  of  sulfuric  acid  to  19  g  of  glycolic  acid  and  55  g  of  the  alcohol.  The  mixture  was  refluxed  for  6-7  hours, 
after  which  the  sulfuric  acid  was  neuualized  with  potash,  and  the  precipitated  poussium  sulfate  filtered  out.  The 
residual  potassium  salt  was  thrown  down  by  adding  ether  and  then  refiltered  out  This  yielded  17  g  (59)5>  of  the 
theoretical).  B.p.  63.2-63.5*  at  12  mm;  dj  1.0725;  41  1.0563;  n|5  1.4138.  The  ester  was  analyzed,  because  of  the 
discrepancies  in  the  physical  constants  cited  in  the  literature.  Found  C  50.38;  H  8.64;  CgHi^oOj.  Calculated 
C  50.84;  H  8.47.  The  analysis  of  the  product  and  the  steady  boiling  point  are  indisputable  proof  of  the  high  purity 
of  the  product. 

The  ester  was  synthesized  in  the  same  vessel  as  that  used  in  the  preceding  experiment.  For  the  reaction  we 
took  12.5  g  of  the  n-propyl  ester  of  glycolic  acid  and  13  g  of  dimethylaniline  in  anhydrous  ether,  chilling  the  mix¬ 
ture  to  —5  to  —10®,  and  adding  19  g  of  dipropoxychlorophosphine  diluted  with  anhydrous  ether.  Double  fraction¬ 
ation  yielded  two  fractions.  Fraction  1  was  a  colorless  liquid  with  the  typical  odor  of  a  phosphite.  B.p.  139-140*  at  8 
mm,  116-117®  at  0.25  mm.  It  reacted  violently  with  bromine.  It  entered  into  reaction  with  cuprous  salts,  evolving 
considerable  heat,  but  no  crystalline  products  were  formed. 

d|®  1.001;  ng  1.4267;  MRd  68.03;  calculated  67.81. 

0.2113  g  substance:  45.8  ml  NaOH.  0.1666  g  substance:  36,6  ml  NaOH  (1  ml  NaOH  =  0.0005707  g  P). 

Found  <?;)?:  11.90,  11.83;  CuH^jOsP.  Calculated  P  11.66. 

Thus,  its  analysis,  molar  refraction,  and  properties  all  are  evidence  that  this  is  the  normal  product  (II).  The 
product  yield  is  increased  by  using  a  higher  vacuum  durii^  fractionation,  9,3  g  (27<^  of  the  theoretical)  being  ob¬ 
tained  in  the  second  experiment. 

Fraction  2  was  a  colorless ,  nearly  odorless  liquid.  B.p.  150-152“  at  15  mm.  It  does  not  decolorize  bromine 
nor  does  it  react  with  a  cuprous  salt. 

d*8  1.1051;  1.4398;  MI^  76.90;  calculated  76.40. 

0.2097  g  substance:  37,6  ml  NaOH.  0.1852  g  substance:  32.97  ml  NaOH  (1  ml  NaOH  =  0.0005707  g  P). 

Found  <yo:  P  10.16,  10.26.  CjjHhOjP.  Calculated  <7o:  P  9.56. 

The  analysis,  molar  refraction,  and  properties  of  this  fraction  indicate  that  it  is  the  compound  (HI). 

Rearrangement.  9  g  of  the  phosphite  (II)  was  placed  in  a  sealed  tube  with  5  g  of  the  n-propyl  ester  of  gly¬ 
colic  acid  and  heated  to  140®  for  4  hours.  This  resulted  in  a  considerable  diminution  of  the  liquid  in  the  tube.  The 
change  in  volume  ceased  after  5  hours,  and  heating  was  stopped.  Two  fractions  were  collected  in  vacuum  fraction¬ 
ation. 

Fraction  1  was  a  colorless,  neatly  odorless  liquid,  which  did  not  react  with  bromine.  It  weighed  2  g  (22®lfc  of 
the  theoretical).  B.p,  154-155®  at  2.5  mm. 

d|®  1.0627;  ng  1.4350;  MRd  65.36;  calculated  65.32. 

0.1164  g  substance:  23.0  ml  NaOH.  0  1450  g  substance:  29.3  ml  NaOH  (1  ml  NaOH  =  0,0005707  g  P). 

Found  P  11.29,  11.53.  CaHzsOgP.  Calculated  <70;  P  11.66. 
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The  analysis,  molar  refraction,  and  properties  of  this  substance  were  those  of  the  compound  (IV). 

Fraction  2  was  a  colorless,  nearly  odorless  liquid,  which  did  not  react  with  bromine.  The  yield  was  4  g  (38^ 
of  the  theoretical).  B.p.  176-17T  at  2.5  mm. 

d|*  1.1059;  n*i5  1.4392. 

0.1162  g  substance:  19.57  ml  NaOH  (1  ml  NaOH  =  0.0005707  g  P).  Found  <70:  P  9.56.  CisHjsOyP. 

Calculated  °]o:  P  9.56. 

The  analysis  and  the  constants  indicated  that  we  had  secured  the  normal  rearrangement  product  (II). 

Synthesis  of  dipropyHcarbopropoxymethyl)  phosphite  via  a  metallic  derivative  of  ethyl  glycolate.  An  alcoholate 
was  prepared  from  4.7  g  of  sodium  and  75-80  g  of  n-propyl  alcohol,  and  23.8  g  of  n- propyl  glycolate  was  added  to  it. 

The  alcohol  was  driven  off,  first  at  ordinary  pressure,  and  then  by  the  A.E.Arbuzov  method;  the  sodium  derivative 
"swelled  up."  It  should  be  noted  that  this  swelling  is  not  as  satisfactory  as  in  the  alcoholates  of  the  simpler  alcohols. 

Anhydrous  ether  was  added  to  the  sodium  derivative,  and  the  mixture  was  stirred  and  chilled  while  38  g  of 
dipropoxychlorophosphine  was  gradually  added.  After  all  the  phosphine  had  been  added,  the  mass  was  heated  for  one 
hour;  then  the  sodium  chloride  was  filtered  out,  the  solvent  driven  off,  and  the  ester  distilled  in  vacuo. 

Triple  fractionation  yielded  a  fraction  with  a  b.p.  of  139-141*  at  6  mm. 

dj  1.0492;  n*^5  1.4261. 

0.1135  g  substance:  27.25  ml  NaOH.  0.1374  g  substance:  32.40  ml  NaOH  (T  =  0.01848) 

Found  «5():  P  11.91,  11.70.  CuHjjOsP.  Calculated  <7>:  P  11.65. 

It  reacted  actively  with  bromine  like  a  trivalent  phosphorus  compound,  0.2  g  of  the  ester  using  up  1.13  g  of 
bromine  (until  the  color  was  a  light  yellow).  Theoretically  0.12  g  of  bromine  was  required.  0.5  g  of  the  ester  was 
mixed  with  0.36  g  of  Cul  (1:1).  The  mass  warmed  up  considerably  (45*),  but  yielded  no  crystalline  product,  a  thick, 
colorless  liquid  being  formed. 

The  analysis,  physical  constants,  and  behavior  of  this  product  indicate  that  it  is  the  same  as  the  compound 
(H)  described  above. 

Synthesis  of  the  ester  (V).  The  ester  was  preparing  by  reacting  the  sodium  derivative  of  dipropylphosphorous 
acid  widi  n- propyl  chlcvoacetate.  We  took  37.5  g  of  dipropylphosphorous  acid,  7  g  of  metallic  sodium,  and  40.65  g 
of  the  chloroacetate  for  this  reaction,  which  was  carried  out  in  a  solution  of  anhydrous  ether.  Filtering  out  the  sod¬ 
ium  chloride  and  driving  off  the  solvent  yielded  70  g  of  the  crude  product  (88%  of  the  theoretical).  Fractionation 
yielded  the  ester  with  a  b.p.  of  142.5-143“  at  3  mm. 

n*^  1.4279. 

0.1311  g  substance;  28.3  ml  NaOH.  0.1373  g  substance:  29.8  ml  NaOH  (T  =  0.019946). 

Found  %:  P  11.26,  11.32.  CuHuOgP.  Calculated  %:  P  11.65 

The  ester  behaves  like  a  pentavalent  phosphorus  compound,  turning  dark  red  with  a  single  small  drop  of 
bromine,  and  failing  to  react  with  a  cuprous  halide.  The  reaction  with  metallic  sodium  is  vigorous. 

Reaction  of  ethyl  glycolate  with  ethoxydichloio phosphine.  48  g  of  ethyl  glycolate,  73  g  of  dimethylaniline, 
and  500  ml  of  absolute  ether  were  placed  in  a  1- liter  three-necked  flask,  fitted  with  a  reflux  condenser,  a  stirrer, 
and  a  dropping  funnel;  the  flask  was  chilled  with  a  freezing  mixture. 

34  g  of  ethoxydichlorophosphine,  diluted  with  anhydrous  ether,  was  slowly  added  a  drop  at  a  time  from  the 
dropping  funnel,  the  temperature  within  the  reaction  flask  being  kept  at  — 10*.  After  the  reaction  was  over,  the  di¬ 
methylaniline  hydrochloride  was  eliminated  and  the  solvent  driven  off.  A  large  number  of  fractionations  of  the 
principal  product,  some  of  them  performed  with  a  Widmer  column,  yielded  a  fraction  with  a  b.p.  of  146*  at  2.0  mm, 
the  yield  being  9.4  g,  or  14.8%  of  the  theoretical. 

A  colorless,  highly  mobile  liquid  with  a  peculiar  pdor,  insoluble  in  water,  and  reacting  violently  with 
bromine. 

dj*  1.1513;  nJ5  1.4412;  MRj)  64.70;  calculated  64.75. 

0.1847  g  substance;  32.8  ml  NaOH.  0.1147  g  substance:  21.2  ml  NaOH(T  =  0.0617).  Found  %:  P  10.95,  10.40. 

CjjHi/lyP.  Calculated  %;  P  10.99. 


Rearrangement.  8  g  of  the  synthesized  ester  was  sealed  into  a  tube  together  with  4.5  g  of  ethyl  iodide  and 
heated  to  140*  for  4  hours.  The  product  discovered  after  the  tube  was  opened  had  a  dark  color;  the  color  was  light¬ 
ened  by  processing  the  product  with  activated  charcoal,  after  which  it  was  distilled.  A  fraction  with  a  b.p.  of  2.5 
mm,  totaling  0.5  g,  was  collected.  A  difficultly  mobile  liquid  with  a  singular  odor,  which  does  not  react  with  bro¬ 
mine. 


0.1770  g  substance:  23.9  ml  NaOH.  0.1613  g  substance:  26.9  ml  NaOH  (T  =  0.0684).  Found  “Jfc:  P  11.32, 

CioHj^tP,  Calculated  P  10.99.  Found  M  262,  272  (Rast).  Calculated;  M  282. 

SUMMARY 

1.  The  reaction  of  esters  of  glycolic  acid  with  phosphorus  trichloride,  ethoxydichlorophosphine,  and 
dipropoxychlorophosphine  has  been  explored. 

2.  It  has  been  found  that  when  phosphorus  trichloride  is  reacted  with  the  ethyl  ester  of  glycolic  acid,  we  get 
an  isomer  containing  pentavalent  phosphorus  (I),  instead  of  the  normal  product  P(OCHjCOOCjH5)8  containing  tiivalent 
phosphorus.  An  explanation  is  provided  for  this  phenomenon. 

3.  Dipropyl-(catbopropoxymethyl)  phosphite  (II)  has  been  synthesized  by  two  metfiods. 

4.  It  has  been  established  that  the  dipropyl-(carbopropoxymethyl)  phosphite  is  partially  rearranged  to  a  com¬ 
pound  with  pentavalent  phosphorus  (III)  during  the  synthesis. 

5.  The  dipropyl-(carbopropoxymethyl)  phosphite  has  been  rearranged  by  the  action  of  a  chloroacetate,  thus 
effecting  the  synthesis  of  (III).  This  synthesis  has  established  the  structure  of  the  ester,  secured  as  a  byi;woduct  of  the 
synthesis  of  dipropylcarbopropoxymethyl  phosphite. 

6.  It  has  been  established  that  rearrangement  of  the  dipropyl -(carbopropoxymethyl)  phosphite  yields  another 
product  (IV),  in  addition  to  the  normal  product  (III).  An  explanation  is  advanced  for  the  formation  of  (IV),  and  its 
composition  has  been  established. 

7.  Seven  compounds  of  a  new  type,  not  previously  described  in  the  literature,  have  been  synthesized  during 
this  research. 


LITERATURE  CITED 

[1]  A.E.Arbuzov.  The  Structure  of  Phosphorous  Acid  and  of  Some  of  Its  Derivatives  (1905). 

[2]  Milobensky  and  Sakhnovsky.  Chem.  Polsk.,  15,  34  (1917). 

[3]  A.E.Arbuzov  and  V.M.Zaroastrova.  Bull.  USSR  Acad.  Sci.,  No.  2,  208  (1928). 

[4]  A.E.Arbuzov  and  N.I.Rizpolozhensky.  Bull.  USSR  Acad. Sci.,  No.  2,  218  (1948). 

[5]  A,E.Arbuzov  and  M.M.Azanovskaya.  Bull.USSR  Acad. Sci.,  No.5,  473  (1949). 

[6]  A.E.Arbuzov  and  F.G. Valitova.  Bull.USSR  Acad.Sci.,  No.  4,  529  (1940). 

[7]  A.E.Arbuzov  and  K.V.Nikanorov.  Trans.Kazan  Inst.  Chem.  Technol.,  No.  10  ,  33  (1946). 

[8]  H.Cook,  B, Saunders,  and  H.McCombie.  J.  Chem,  Soc.,  873  (1945). 

[9]  A. Dietrich.  Chem.  Abs.,  40,  1030  (1946). 

[10]  A.E.Arbuzov.  Phenomena  of  Catalysis  in  Certain  Transformations  of  Organic  Compounds  of  Phosphorus 

(1914). 

[11]  A.E.Arbuzov  and  A.I.Razumov.  J.  Gen.  Chem.,  7,  1762  (1937). 

[12]  A.I.Razumov.  J.  Gen.  Chem.,  14,  461  (1944), 

[13]  L. Schreiner.  Ann.,  197,  5  (1879). 

Received  July  5,  1950  Laboratory  of  Organic  Chemistry, 

Kazan  Institute  of  Chemical  Technology 


981 


. . . . . . I' 


RESEARCHES  ON  BISULFITE  COMPOUNDS/ 

XVI.  THE  BISULFITE  COMPOUND  OF  l-AMINO-8-NAPHTHOL-2,4-DISULFONIC  ACID 

V.N.  Ufimtsev  and  M.I.  Chernyak 


When  l-amino-8-naphthol“2,4“disulfonic  acid  is  heated  with  solutions  of  sodium  or  potassium  bisulfite,  the 
reactions  that  are  typical  of  this  aminoaphthol  sulfo  acid  quickly  disappear,  and  its  bisulfite  compound  is  formed. 

It  is  impossible  to  forecast  the  direction  taken  by  the  reaction  or  the  structure  of  the  compound  formed,  since  both 
the  amino  and  the  hydroxy  groups  attached  to  the  naphthalene  nucleus  can  react  with  the  bisulfite.  Moreover,  the 
amino  group  at  the  1  position  is  exposed  to  the  activating  influence  of  the  sulfo  group  at  the  4  position,  on  the  one 
hand,  and  to  the  deactivating  influence  of  the  sulfo  group  at  the  2  position  on  the  other  [1].  N.  N.  Vorozhtsov,  Sr. 
[2]  states  that  when  2,4-(bisbenzeneazo)-l-naphthol  is  heated  with  sodium  bisulfite,  which  constitutes  an  analogous 
case,  the  bisulfite  compound  is  produced  normally. 

After  the  heating  of  l-amino-8“iiaphthol-2,4-disulfonic  acid  with  bisulfites  was  complete,  the  resulting  solu¬ 
tion  was  found  to  contain  a  small  amount  of  the  initial  product  and  larger  quantities  of  mineral  salts  (the  sulfite, 
the  bisulfite,  and  the  sulfate),  in  addition  to  the  expected  bisulfite  compound.  We  utilized  ihe  met’nod  of  preci¬ 
pitating  the  sulfates  and  sulfites  with  a  barium  carbonate  solution,  described  previously  [3],  to  puiify  the  product. 
Evaporating  the  resultant  filtrates  threw  down  the  sodium  and  potassium  salts  of  the  bisulfite  compound  (it  being 
much  easier  to  recover  and  purify  the  potassium  salt),  which  upon  analysis  lEoved  to  contain  mtrogen,  with  one 
molecule  of  the  bisulfite  added  to  the  molecule  of  l-aminO  '8-naphthol-2,4-disulfonic  acid.  Of  the  two  possible 
formulas? 


(I)  (H) 

(I)  represents  the  structure  of  the  synthesized  bisulfite  compound,  since  the  latter  is  Incapable  of  coupling  with 
diazonium  compounds,  whereas  it  is  readily  diazotized  by  treatment  with  a  nitrite  in  an  acid  medium,  after 
which  it  forms  dyes  by  coupling  with  various  azo  constituents,  i.e..  it  contains  an  amino  group  attached  to  the 
aromatic  portion  of  the  ring. 


KO3S  OH  NHj  S 


EXPERIMENTAL 

1.  Sodium  salt  of  the  bisulfite  compound  of  l-amino-8“naphthol-2,4“disulfonic  acid.  140  grams  of  the  bEjfc 
monopotassium  salt  of  l-amino-8-naphthol-2,4-<iisulfonic  acid  (=  71.4  g  of  the  100^  product  =  0.2  mole)  was  refluxed 
with  25  ml  of  a  25<7o  sodium  hydroxide  solution  and  200  ml  of  a  sodium  bisulfite  solution  (sp,  gr.  1.32)  in  a  round- 
bottomed  flask  for  12  hours.  The  resultant  solution  was  processed  by  carefully  adding  a  concentrated  solution  of 
barium  carbonate  until  the  sulfate  and  sulfite  ions  were  precipitated  (no  excess?)  the  precipitated  insoluble  barium 
salts  being  filtered  out  and  washed  with  a  little  water.  The  filtrate  was  evaporated  to  310  ml  on  a  water  bath  and 
precipitated  with  1120  ml  of  methanol;  this  yielded  32.1  g  of  a  yellowish  product,  which  is  very  readily  soluble 

in  water.  Double  recrystallization  from  water  yielded  4.1  g  of  the  slightly  greenish  crystalline  sodium  salt  of  the 
bisulfite  compound. 

0.1508  g,  0.1801  g  substance?  0.0610  g,  0.0723  g  Na^SO^.  0.1904  g  substance?  0.0240  g  HjO.  Found 
Na  13.10,  13.00;  12.60.  CioHjOioSgNNaj.  3|h,0.  Calculated  Na  13.01;  HjO  11,89. 

2.  Potassium  salt  of  the  bisulfite  compound  of  l"amino-8-naphthol-2,4~disulfonic  acid.  140  grams  of  the 
bV’lo  monopotassium  salt  of  l'«mino-8-naphthol-2,4-disulfonic  acid  was  refluxed  for  12  hours  in  a  round -bottomed 
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flask  with  15  g  of  potassium  hydroxide  and  500  ml  of  a  20.5^  potassium  bisulfite  solution.  The  solution  was  treated 
with  barium  carbonate  as  specified  in  the  synthesis  of  the  sodium  salt.  When  the  filtrate  was  evaporated  to  300  ml 
and  then  cooled,  a  finely  crystalline  precipitate  was  thrown  down;  it  was  filtered  out,  washed  with  methanol  and 
ether,  and  dried,  its  weight  being  30.5  g.  The  synthesized  substance  was  recrystallized  twice  from  three  times  its 
weight  of  50^  methanol,  washed  with  methanol  and  ether,  and  dried  in  a  vacuum  desiccator;  colorless  needles  with 
blunted  ends,  weight  11.65  g. 

0.1470  g,  0.1513  g,  0.1498  g  substance;  0.0690  g,  0.0713  g,  0.0710  g  K2SO4.  3.462  mg,  4.594  mg  substance: 
2.756  mg,  3.689  mg  CO^;  0.618  mg,  0.949  mg  1^.  6.824  mg,  6.931  mg  substance:  0.146  ml  1^  (21.8",  736.3  mm), 
0.152  ml  N,  (22",  736.5  mm).  Found  K  21.06,  21.15,  21.27-  C  21.72,  21.92;  H  2.00,  2.31;  N  2.40,  2.46. 
CioHiOuS3NK,-2I^O.  Calculated  <5k:  K  21.26;  C  21.77;  ri  2.19;  N  2.54. 

The  synthesized  bisulfite  compound  is  not  coupled  in  a  soda  medium  with  solutions  of  phenyl-  and  p -tolyl- 
diazonium  chlorides,  nc^  does  it  give  off  sulfur  dioxide  when  boiled  with  dilute  sulfuric  acid. 


When  its  dilute  solutions  are  heated  with  caustr.c  alkalies,  the  bisulfite  compound  decomposes  into  a 
sulfite  and  the  initial  l-amino-8-naphthol-2,4-disulfonic  acid,  exhibiting  the  following  characteristic  reactions: 
a)  evolution  of  sulfur  dioxide  when  acidulated  with  dilute  sulfuric  acid  and  then  boiled;  b)  production  of  the 
brown  solution  of  a  diazo  compound  when  acidulated  and  diazotized;  c)  couplmg  with  diazoniums  in  soda, 
yielding  the  corresponding  azo  dyes. 


When  the  bisulfite  compound  is  diazotized,  we  get  diazo  compounds  that  couple  readily  with  azo  con¬ 
stituents  in  a  soda  medium,  yielding  dyes  whose  tones  are  perceptibly  different  from  those  of  the  analogous  dyes 
produced  by  diazotizing  and  coupling  the  l-amino-6-naphthol-2,4-disulfonic  acid  itself. 


Azo  constituent 

Diazo  constituent 

l-Amino^-naphthol~2,4- 
disulfonic  acid 

Its  bisulfite 
compound 

Color  of  the  dye  solution 

2 -Naphdiol-6 -sulfonic  acid 

Y  ellowish-brown 

Yellowish-red 

2-Naphthol-3,6-disulfonic  acid 

tt  9t 

Red 

l^mino-8-naphthol-2,4-disulfonic  acid 

Greenish-brown 

Wine -red 

l-Amino-8-naphthol-3,6-disulfonic  acid 

Orange-brown 

Violet-red 

The  dyes  prepared  from  the  bisulfite  compound  of  l-amino-8-naphthol-2,4-disulfonic  acid  are  decomposed 
when  heated  briefly  with  caustic  alkalies,  splitting  off  the  bisulfite  and  thus  being  transformed  into  dyes  that  are 
identical  with  those  synthesized  from  the  l-:amino-8-naphthol-2,4-disulfonic  acid  itself  by  diazotizing  it  and  coupling 
it  with  die  corresponding  azo  constituents. 


SUMMARY 

When  l-4mino-8-naphthol-2,4-disulfonic  acid  is  treated  with  potassium  or  sodium  bisulfite,  its  bisulfite 
compound  is  jxroduced.  In  this  reaction  only  one  molecule  of  the  bisulfite  reacts  with  the  hydroxy  group;  the 
amino  group  is  not  affected  by  the  reaction,  owing  to  the  deactivating  influence  of  the  sulfo  group  at  the  2 
position  of  the  naphthalene  nucleus. 
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THE  REACTIONS  OF  GLYCIDOL  AND  ITS  ETHERS  WITH  ACID  AMIDES 


IV.  THE  REACTIONS  OF  GLYCIDOL  ETHERS  WITH  FORMAMIDE  AND  ACETAMIDE 

F.  G,  Ponomarev 

As  we  have  shown  in  one  of  our  previous  reports  [1],  the  methyl  and  ethyl  ethers  of  glycidol  react  with  for- 
mamide,  yielding  the  N-mono-  and  N.N-disubstitution  derivatives  of  formamide:  HCONHCI^-CHOH-CI^OR  and 
HCON(CH--CHOH-CHjOR)|.  We  later  showed  [2]  that  the  reaction  of  these  ethers  with  acetamide  likewise  involved 
the  formation  of  two  products: 

CHjC0NH-t:H-CH0H-CH80R  and  CHsCON(CH-CHOH-CI%OR)„ 
where  (as  in  the  first  case)  R  =  CI^  and  C^Hg. 

We  naturally  supposed  that  this  reaction  would  follow  the  same  course  with  the  higher  members  of  the 
homologous  series  of  ethers.  This  was  borne  out  by  experiments  that  form  the  topic  of  the  present  report.  Re¬ 
acting  the  isopropyl  ethei  of  glycidol  with  the  amides  of  formic  and  acetic  acids  and  reacting  the  n-butyl 
ether  with  acetamide  give  rise  to  mono-  and  disubstitution  derivatives  of  the  amides; 

HCONttCl^-CHOH-CHCXiaHT  and  HCON(CI%-CHOH-CI%OC3H7)„ 

CHgCONH-Cl^-CHOH-CI^OR  and  CH3C0N(CH[-CH0H-CH80R)„ 

where  R  =  iso  CsH-y  and  n-C^Hj.  The  principal  product  was  the  monosubstituted  amide  in  every  instance.  The  per¬ 
centages  of  the  disubstituted  amide  were  lower,  which  is  only  natural,  as  it  is  formed  from  the  monosubstituted 
product  by  the  reaction  of  the  latter  with  new  molecules  of  the  ether. 

These  results  jastify  us  in  the  assumption  that  the  action  of  glycidol  ethers  upon  acid  amides,  resulting  in 
the  simultaneous  formation  of  two  products,  is  a  universal  reaction  in  the  glycidol  ether  series.  It  is  •worthy  of  note 
that  as  the  molecular  weight  of  the  glycidol  ethers  rises,  their  ability  to  react  with  acid  amides  dimimshes.  Of  die 
four  ethers  investigated  under  identical  conditions,  the  methyl  ether  of  glycidol  reacts  most  easily  with  the  amides 
of  formic  and  acetic  acid.  This  is  proved  by  the  fact  that  the  aggregate  yield  of  the  N-mono- and  N,N-disubstituted 
products  exceeds  65<)b  when  the  methyl  ether  is  reacted  with  formamide  and  acetamide,  while  the  product  yield  of 
the  reaction  of  the  ethyl,  isopropyl,  and  n-butyl  ethers  of  glycidol  with  these  amides  is  37-40^,  based  on  the  ether. 

The  isopropyl  and  n-butyl  ethers  do  not  react  with  formamide  or  acetamide  under  ordinary  conditions,  so 
that  the  reaction  mixture  had  to  be  heated  to  150*^  for  10  hours  and  sodium  hydroxide  had  to  be  employed  as  a  cata¬ 
lyst,  It  is  worthy  of  note  that  ammonia  and  amines  react  rather  energetically  with  these  same  four  glycidol  ethers 
even  at  room  temperature. 

The  consunts  of  the  synthesized  substances  are  given  in  Table  1. 


TABLE  1 


Substance 

Boiling  point 

1  MR|3 

(at  4  mm) 

<*4 

Calculated 

Experimenul 

HCONH-CH-  CHOH-CI^-ChJh 

122-12r 

1.0721 

1.4570 

41.07 

40.95 

^CH, 

/ 

HCON  ( CI%-CHOH-CH-0-CH  ) 

\  \cH,y, 

202-208 

1.0677 

1.4620 

72.39 

71.42 

CH,CONH-CH-CHOH-CHg~OCH 

90-93 

1.0428 

1.4435 

45.69 

44.63 

CHjCON  (  CH-CHOH-CH-O-t^  ) 

198-205 

1.0215 

1.4462 

77.01 

76,05 

CH,CONHC:H8-CHOH-CH,-0-(CI%)j-CHj 

110-114 

1.0151 

1.4410 

50.31 

49.26 

CH|C0N[CI^-CH0H-C;Hg-0-(CF^)5CH9i 

206-210 

1.0011 

1.4451 

86.31 

84.94 
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acetamide,  12.5  g  of  the  ethei  (20^  excess),  and  3  drops  of  cone.  HjS04  were  heated  together  in  a  sealed  glass 
tube  to  150*  on  an  oil  bath  for  10  hours.  The  reaction  mixture  was  chilled  to  —10“  to  eliminate  the  unreacted 
acetamide,  and  then  after  part  of  the  amide  had  been  removed,  the  mixture  was  processed  three  times  with  15-ml 
portions  of  absolute  ether:  this  processing  yielded  a  total  of  1.3  g  (24*7o)  of  the  unchanged  acetamide.  After  the 
ether  had  been  driven  off  on  a  water  bath,  the  reaction  product  was  fractionated  in  vacuo  twice.  This  yielded  4  g 
(21.2^)  of  N-iM:opanol-2-isopropoxy  ^-acetamide  and  3.1  g  (19.8^)  of  N,N-di-f propanol “2-isopropoxy-3)-acewmide. 

In  the  flask  there  remained  0.6  g  of  a  tacky  polymer.  The  same  two  products  were  formed  in  tests  run  under  similar 
conditions,  but  without  utilizing  NaOH  as  a  catalyst,  though  the  yields  were  lower. 

a)  2.3  g  of  acetamide  and  5.4  g  of  the  ether  yielded  1.3  g  (16‘7o)  of  the  N-monosubstituted  acetamide  and 
0.7  g  (l(i.4P}o)  of  the  N,N"disubsubstituted  acetamide. 

b)  5  g  of  acetamide  and  12  g  of  the  ester  yielded  2,5  g  (13.8*70)  and  1.5  g  (9.C<7o)  of  the  respective  reaction 
products. 

The  aggregate  yield  of  reaction  products  was  23-2&^  in  the  tests  in  which  no  catalyst  was  used,  and  40*55) 
in  the  tests  that  employed  NaOH  as  a  catalyst.  The  unchanged  acetamide  recovered  totaled  24<55)  in  the  tests 
using  a  catalyst  and  50*55>  in  the  tests  without  one. 

The  resultant  products  —the  N-mono-  and  the  N,N“disubstituted  acetamides  -were  colorless  or  faintly 
colored,  oily  liquids  with  a  specific  odor,  which  were  freely  soluble  in  alcohol,  ether  and  acetone,  and  sparingly 
so  in  water. 

Analysis  of  N-propanol -2 -isopropoxy -3-acetamide. 

0.0928  g  substance."  5  ml  0.1  N  HjSO^.  0.1082  g  substance:  5.81  ml  0.1  N  HSO4.  0.1674  g  substance: 

9.33  ml  0.1  N  NaOH.  0.0938  g  substances  5.29  ml  0.1  N  NaOH.  Found  *55):  N  7.60,  7.52:  OH  9.47,  9.58. 
C,Hi60^N(OH).  Calculated  *55):  N  7.99;  OH  9.70. 

2.5  g  of  N-propanol-2-isopropoxy-3-acetamide  was  oxidized  with  sodium  dichromate,  yielding  1  g  of  an 
oily  liquid  with  a  b.p.  of  79-84“  at  7  mm*  1.440,  which  exhibited  a  positive  reaction  for  a  carbonyl  group 
with  phenylhydrazine. 

Analysis  of  N,N-<li-(propanol-2-4sopropoxy-3)-acetamide. 

0.1206  g  substance:  3.87  ml  0.1  N  1^04.  0.1138  g  substance:  3.77  ml  0.1  N  1%S04.  0.1554  g  substance: 

11  ml  0.1  N  NaOH.  0. 1230  g  substance:  8.78  ml  0.1  N  NaOH.  Found  *55):  N  4.41,  4.63;  OH  12.03,  12.13. 
CmH*70jN(OH),.  Calculated  *55):  N  4.81;  OH  11.68. 

5.  Reaction  of  glycidyl  n-butyl  ether  with  acetamide  (together  with  L.  N.  Khopina).  Reacting  4  g  of 
acetamide  with  10.6  g  of  the  ether  (20*55)  excess)  and  3  drops  of  cone.  NaOH  under  the  conditions  described  above 
yielded  4  g  (25.955))  of  N-i)ropanol-^2-butoxy -3-acetamide  and  1.5  g  (11.555))  of  N,N-di-<propanol-2-butoxy-3)- 
acetamide.  The  unchanged  acetamide  that  was  recovered  totaled  26*55).  The  distilling  flask  contained  a  residue 
of  1.3  g  of  a  tacky  polymer. 

The  synthesized  subsunces  were  slightly  yellowish,  oily  liquids  with  a  specific  odor,  freely  soluble  in 
alcohol  and  ether,  slightly  so  in  water,  and  insoluble  in  benzene. 

Analysis  of  N^>ropanol-2-butoxy-3 -acetamide. 

0.1958  g  substance:  9.18  ml  0.1  N  ^^804.  0.1684  g  substance:  8.16  ml  0.1  N  HSSO4.  0.1312  g  substance: 

6.2  ml  0.1  N  NaOH.  0.1768  g  substance:  8.57  ml  0.1  N  NaOH.  Found  *55):  N  6.56,  6.78;  OH  8.03,  8.24.  C9HiAN(OH), 
Calculated  *55):  N  7.40;  OH  8.98. 

2  g  of  N-ptopanolbutoxyacetamide  was  distilled  in  vacuo  over  1  g  of  KHSO4,  yielding  0.8  g  of  a  substance 
with  a  b.p.  of  100-105“  at  8  mm;  1.430:  Brominating  this  substance  in  chloroform  yielded  0.6  g  of  a  colorless 
viscous  oil,  which  crystallized  in  the  receiver.  The  crystals  fused  at  about  36“,  exhibited  a  qualitative  reaction 
for  bromine,  and  contained  nitrogen. 

0.1016  g  substance:  3.26  ml  0.1  N  HJSO4.  Found  *55):  N  4.49.  C4Hi70iBr,N.  Calculated  *55):  N  4.23. 

These  figures  indicate  that  under  the  conditions  described  the  N-propanolbutoxy acetamide  is  dehydrated 
by  anhydrous  KHSO4  to  a  product  with  a  double  bond,  which  yields  upon  bromination  a  dibromide,  the  apparent 
structure  of  which  is  :  CHf- CONH-CHBr— CHBr- CI^— O-fCHj)}— CHs.  The  substance  was  not  analyzed  further 
because  of  the  small  quantities  available. 


Analysis  of  N,Ni-<ii-(i»opanol-2-butoxy-3)-acetamide. 


0.1296  g  substance;  3.57  ml  0.1  N  H^SQ^.  0.1554  g  substance:  4.39  ml  0.1  N  l^SO^.  0.2110  g  substance; 
12.67  ml  0.1  N  NaOH.  0.1798  g  substance;  10.91  ml  0.1  N  NaOH.  Found  «ht  N  3.85,  3.95;  OH  10.20,  10.31. 
CieH,iO,N(OH),.  Calculated  «}oz  N  4.38;  OH  10.65. 

The  polymer,  formed,  as  indicated,  in  the  reaction  of  the  foregcing  ethers  with  the  acid  amides,  is  a 
tarry  substance  that  is  freely  soluble  in  alcohol  and  ether  and  sparingly  so  in  water.  Upon  standing  it  is  converted 
into  a  semisolid  iKoduct  that  contains  3.2*3. 7%  of  nitrogen. 

SUMMARY 

1.  A  study  has  been  made  of  the  reaction  of  glycidyl  isopropyl  ether  with  the  amides  of  fc^ic  and 
acetic  acid  and  the  reaction  of  the  n  hutyl  ether  with  acetamide. 

2.  It  has  been  shown  that  in  this  reaction  N^nono-  and  N,N“disubstituted  amides  are  formed  simulune- 
ously  in  this  reaction,  the  N  monosubstituted  amide  being  the  principal  product. 

3.  The  products  of  these  reactions  have  been  isolated  and  identified;  N-propanol-2“isoptopoxy-3- 
formamide,  N,N-di-(propanol~2  •!sopiopoxy-3)-fotmamide,  N-propanol-3-isopropoxy-3-acetamide,  N,N-di*(i»opanol- 
2“isopropoxy-3>’aceumide,  N-piopanoi-^-butoxy-S-acetamide,  and  N,N-di(ptopanol*3-butoxy-3)-acetamide. 

4.  It  has  been  found  that  the  reactivity  of  the  glycidol  ethers  with  formamide  and  acetamide  diminishes 
as  their  molecular  wei^t  is  increased. 

5.  It  has  been  noted  that  boron  fluoride  is  a  better  catalyst  than  H2SO4  in  the  addition  reactions  of 
isopropyl  and  n  bufyl  alcohols  to  epichlorohydrin. 
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STRUCTURAL  CHANGES  OF  RUBBER  CAUSED  BY  THE  ACTION  OF  MOLECULAR  OXYGEN 


V.  THE  DESTRCCTIYE  DISSOLUTION  OF  VULCANIZED  SYNTHETIC  RUBBERS 
Z.  Tarasova  and  B.  Dogadkin 


We  have  previously  described  [i,2]  the  process  involved  in  the  destructive  dissolution  of  vulcanized 

natural  rubber  and  the  properties  of  the  products  formed  as  a  result  of  this  process.  We  showed  that  the  vulcanized 

rubber  does  not  dissolve  when  heated  to  140®  in  hydrocarbon  media  or  when  acted  upon  by  peptizers  and  polari* 

zing  substances  added  to  the  solvent  provided  oxygen  is  rigorously  excluded.  Only  when  molecular  oxygen  is 

present  does  heating  cause  the  vulcaoraed  rubber  to  enter  the  solvent  medium,  the  process  involvmg  the  following 

stages:  addition  of  oxygens  breakdown  of  the  molecular  chains  at  the  pomts  where  the  oxygen  has  been  added 

dissolution.  Wh-en  the  sudace  a„ea  of  the  vulcanized  rubber  remains  unchanged,  the  process  continues  at  a 

constant  tate,  depending  upon  the  tem.petature  and  the  oxygen  partial  pressure  above  the  solvent.  In  the  general 

case  the  vaiiation  of  the  rate  of  destiuctive  dissolution  with  the  oxygen  partial  pressure,  ,  is  expressed  by 
,  or 

the  equation: 

dKa  _  yP 
dT  ~  ^  yP  +  1  * 

where  K  and  y  are  conitants. 

The  broken  down  vulcanized  rubber  has  a  rather  low  molecular  weight  (3600  by  the  Lamm  method), 
exhibits  a  Rayleighian  scatteilng  of  light,  and  obeys  the  Einstein  vucosimetric  equation  within  a  wide  range  of 
concentrations,  This  indicates  that  massive  particles  that  are  envelopes  of  the  vulcanized  rubber's  space  lattice 
enter  solution  during  destructive  dissolution. 

The  present  paper  describes  the  results  of  experiments  that  indicate  that  the  i^enomenon  of  destructive 
dissolution  also  takes  place  in  synthetic  vulcanized  rubbers. 

1.  Effect  of  the  nature  of  the  rubber  upon  the  kinetics  of  the  destructive  distillation  of  vulcanized  rubber. 
Vulcanized  sodium  butadiene  rubber,  butadiene-styrene  rubber,  chloroprene  rubber,  and  butyl  rubber  were 
dissolved. 

The  vulcanized  films  were  prepared  from  a  benzene  cement,  applied  to  the  surface  of  a  glass  ampoule, 
using  the  iMrocedure  described  previously  [1].  The  composition  of  the  vulcanized  mbbers  made  of  the  sodium- 
butadiene  and  the  buudiene-styrene  rubbers  was  as  follows;  rubber- 100.0;  sulfur  —2.0;  thiuram  —0.3;  zinc 
oxide  —  1.0;  and  stearic  acid  —1.0.  Optimum  vulcanization  was  obtained  in  30  minutes  at  143®. 

The  chloroprene  rubber  (neoprene)  was  vulcanized  from  a  mixture  of  the  following  composition:  rubber  — 
100.0;  magnesj.um  oxide  —3.0;  rosin  —3.0;  and  zinc  oxide  —3.0.  This  mixture  was  dissolved  in  dichloroe thane. 

The  optimum  vulcanization  was  obtained  in  30  minutes  at  143®. 

The  vulcanized  butyl  rubber  had  the  following  composition*  rubber  —100.0,  sulfur  —2  0;  thiuram  —1.0; 
zinc  oxide -2,0;  and  stearic  acid— 2.0. 

The  vulcanized  films  had  mechani.cal  characteristics  that  were  typical  for  standard  rubbers  of  the  foregoing 
composition.  It  should  be  borne  in  mind  tliat  the  composition  of  the  vulcanized  films  prepared  from  the  same  paste 
changessomewhat  with  time,  due  to  the  settling  of  the  insoluble  ingredients.  That  is  why  comparable  tests  were  made 
with  films  tnat  had  been  produced  at  the  same  time. 

Heating  films  of  vulca.nized  sodium— butadiene  rubber  to  140®  in  xylene,  with  oxygen  carefully  excluded, 
caused  no  pe:*cept?,ble  (Lssoluti.on.  The  vulcanized  synthetic  rubbers  mentioned  above,  howeve.*:,  di.ssoived  com¬ 
pletely  when  heated  m  a  solvent  that  was  saturated  with  molecular  oxygen. 

The  procedure  used  for  the  experiments  on  destructive  dissolution  has  been  described  earlier  [1].  The 
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Fig.  1.  Kinetic  curves  of  the  destructive  dissolution  of  vulcanized  rub¬ 
bers.  Temperature  llOt  oxygen  p'.essure  approx.  760  mm  Hg, 

1)  Natural  rubber;  2)  chloroprene  rubber  (neoprene);  3)  butadiene- 
styrene  rubber;  4)  sodium  “butadiene  rubber;  5)  butyl  mbber. 


kinetics  of  the  destructive  dissolution 
of  vulcanized  rubbers  (Figure  1) 
are  represented  by  curves  of  the 
same  type,  which  exhibit  a  straight- 
line  section  at  the  start,  correspond¬ 
ing  to  the  period  during  which  the 
area  of  the  reaction  surface  remains 
constant.  After  this  section  of  the 
curves  the  reaction  rate  rises  sharp¬ 
ly,  owing  to  an  increase  in  the  sur¬ 
face,  due  to  the  mechanical  destruc¬ 
tion  of  the  film  and  the  slippage  of 
its  particles  into  the  solution,  which 
results  in  the  uncovering  of  new 
parts  of  the  surface.  In  conformity 
with  the  foregoing,  the  entire  pro¬ 
cess  of  the  destructive  dissolution  of 
a  finely  milled  rubber  is  represented 
by  a  straight  line.  We  rejected  such 
procedure,  however,  since  the  sur¬ 
face  area  of  a  rubber  proves  to  differ 
even  with  the  most  thorough  milling. 


As  we  might  have  expected,  the  rate  of  destructive  dissolution  depends  upon  the  molecular  structure  of  the 
rubbers  (Table  1).  The  vulcanized  rubbers  may  be  arranged  in  the  following  order  of  increasing  rate  of  destructive 
dissolution:  butyl  rubber  <  sodxujn— butadiene  rubber  butadiene— styrene  rubber^  chloroprene  rubber  natural 

rubber.  In  the  case  of  rubbers  whose  molecules  do  not  contain  polar  groups,  this  series  corresponds  to  the  concentra¬ 
tion  of  double  bonds  in  the  palncipal  chains  of  the  polymer.  The  i»esence  of  polar  groups  retards  the  process  of  ox¬ 
idative  destruction.  Thus,  the  vulcanized  chloroprene  rubber  dissolves  more  slowly  than  the  vulcanized  natural  rub¬ 
ber,  although  there  are  as  many  double  bonds  in  the  molecular  chains  of  both  mbbers.  The  slower  dissolution  of  vul¬ 
canized  butadiene  rubbers  may  be  due  to  pecu¬ 
liarities  in  the  structure  of  these  rubbers. 

The  dissolution  of  vulcanized  rubbers 
when  they  are  heated  to  temperatures  that  ex¬ 
clude  thermal  destruction  in  a  solvent  saturated 
with  oxygen  is  caused  by  the  fact  that  the  reac¬ 
tion  of  the  oxygen  with  the  molecular  chains  of 
the  spatial  structure  of  the  vulcanized  rubber  is 
accompanied  by  a  breakdown  of  the  latter  at  the 
double  bonds,  followed  by  the  entrance  of  the 
deuched  particles  into  the  solution.  The  mole¬ 
cules  of  natural  rubber  and  of  chloroprene  rub¬ 
ber  are  so  constructed  that  the  monomer  groups 
are  connected  into  a  linear  chain  at  the  1,4 
positions.  It  may  be  assumed  with  considerable 
probability  that  each  act  of  oxidation  and  de¬ 
composition  at  the  double  bonds  results  m 
breaking  the  chain  and  diminishing  the  mole¬ 
cular  weight.  The  monomer  groups  are  connec¬ 
ted  at  the  1,4  and  1,2  positions  in  the  molecules  of  sodium— butadiene  and  butadiene— styrene  rubbers,  respectively. 
The  double  bonds  exist  in  the  main  chain  as  well  as  in  the  vinyl  side  groups  there  being  about  40^  of  the  1,4-type 
bonds  and  about  60%  of  structures  of  the  1,2  type  in  sodium— butadiene  rubber. 

It  is  quite  obvious  that  the  oxidation  and  breakdown  of  the  double  bonds  in  the  vinyl  side  groups  do  not  re¬ 
sult  in  the  breakdown  of  the  spatial  structure  that  is  characteristic  of  the  vulcanizate.  Moreover,  as  Dogadkin  has 
shown  [4],  the  acuon  of  oxygen  upon  the  vinyl  side  groups  is  responsible  for  the  process  of  structuralization,  inasmuch 


TABLE  1 


Variation  of  the  Rate  of  Destmctive  Dissolution  of  Vulcanized 
Rubbers  with  the  Composition  and  Structure  of  the  Rubber 


Nc 

Rubber 

Test 

temp, 

CO 

of  1,4 
structure 

Rate  of  destructive 
distillation, 

& 

cn^-min 

1 

Smoked  sheets . 

110® 

100 

4.95»10'* 

2 

Chloroprene  (neoprene) 

110 

100 

3.8  'lO"* 

3 

Butadiene— styrene . 

110 

- 

4.0  'lO"^ 

4 

Sodium— butadiene . 

110 

43 

3.2  'lO"* 

5 

Butyl  mbbei. . . . 

110 

100 

3.0  -lO"^ 

6 

Smoked  sheets. . 

120 

100 

6.75*10'^ 

7 

Butadiene . . . 

120 

59 

2.7  ^lO"* 

8 

Butadiene. . 

120 

54 

1.1  •10'* 

9 

Butadiene . 

120 

43 

o.62*icr* 
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Fig.  2.  Variation  of  the  rate  of  destructive 
dissolution  of  vulcanized  butadiene  rubbers  We  used  rubbers  that  contained  59,  54.  and  43%  of  the 

with  the  percentage  of  1,4  structures.  Tem-  1,4  structure  according  to  the  kinetics  of  the  reaction  with 

perature  120*;  oxygen  ixessure  approx.  760  perbenzoic  acid  (the  Prilezhayev  reaction).  The  vulcanized 

mm  Hg.  rubbers  were  all  prepared  from  the  same  recipe  using  a  vul¬ 

canized  natural  rubber  in  which  the  percentage  of  the  1,4 
structure  was  assumed  to  be  100%.  We  see  in  Figure  2  that 
the  rate  of  destructive  dissolution  of  these  vulcanized  rubbers  is  a  linear  function  of  the  percentage  of  double  bonds 
in  the  principal  chains  (1,4  structures).  The  fact  that  the  straight  line  representing  the  rate  of  dissolution  as  a 
function  of  the  number  of  1,4  double  bonds  does  not  pass  through  the  origin  is  evidence  that  the  double  bonds  in  the 
vinyl  side  groups  with  a  1,2  structure  present  in  the  polymers  give  rise  to  an  inverse  structuralization  process.  When 
the  oxygen  concentration  within  the  system  is  held  constant,  the  kinetics  of  the  process  may  be  represented  as  fol¬ 
lows.  The  rate  at  which  the  molecular  chains  break  down,  is  proportional  to  the  concentration  C  of  1.4  double 
bonds: 

_yi  =  ki»C.  (1) 

while  _y{,  the  velocity  of  the  structuralization  processes,  is  propxirtional  to  the  concentration  =  (1— C)  of  1,2 
double  bonds: 

V,*k,(l-C).  (2) 

Then  V,  the  overall  rate  of  destmctive  dissolution,  is  the  algebraic  sum  of  the  two  process  rates: 


as  the  oxidation  of  the  side  vinyl  groups  gives  rise  to  pxjly- 
functional  molecular  chains  (without  diminishing  the  initial 
molecular  weight),  the  oxygen  groups  of  which  can  interact 
with  one  another  and  with  the  polymer's  double  bonds,  giving 
rise  to  chemical  and  local  intermolecular  (hydrogen,  orienta¬ 
tion)  bonds.  When  we  add  the  possibility  of  the  existence  of 
polymerization  processes,  brought  about  by  the  action  of  p>er- 
oxide  compounds  and— at  high  tempieratmes  —  by  the  action  of 
heat,  we  begin  to  understand  why  the  effectiveness  of  the  de¬ 
structive  action  of  oxygen  is  greatly  diminished  in  vulcanized 
rubbers  made  of  butadiene  px}lymers  that  contain  vinyl  side 
groups.  The  significance  of  different  px)sitions  of  the  double 
bonds  in  the  molecular  chains  of  rubber  during  destructive 
dissolution  is  clearly  shown  in  the  butadiene  p>olymers  that 
contain  varying  prop>ortions  of  the  1,4  and  1,2  structures. 


V  =  Vj  —V*  =  -kj  +  (ki  +  k|)  C. 


F^.  3.  Variation  of  the  kinetic  constants  of  the 
destructive  dissolution  of  vulcanized  rubbers 
with  tempterature:  1)  sodium— butadiene  rubber? 
2)  butadiene— styrene  rubber. 


As  we  have  shown  p>reviously  [1],  tl»  dissolution 
process  takes  place  at  a  stationary  rate  in  the  surface 
layer,  being  governed  by  the  initial  concentration  of 
double  bonds.  Hence,  Equation  (3)  applies  to  the  entire 
process,  provided  the  surface  of  the  vulcanized  rubber 
being  destroyed  remains  constant.  The  consunts  in 
Equation  (3)  depend  upx)n  the  temp>erature,  the  oxygen 
p>artial  pxcessure,  and  die  absorption  coefficient  of  the  oxy¬ 
gen  in  the  solvent.  In  the  case  of  the  dissolution  in  xylene 
at  120*  and  an  oxygen  pressure  of  760  mm  of  pure  vulcan¬ 
ized  rubbers  that  contain  tetramethylthiuram  disulfide  as 
an  accelerator.  Equation  (3)  may  be  written  as  follows: 

V  =^.0*10'*  + 1.2*10'^  C.  (4) 

where  V  is  given  in  grams/cm*”min,  and  C  denotes  the 
piercentage  of  the  total  number  of  double  bonds  in  the 
polymer  that  is  represented  by  double  bonds  of  1,4  struc¬ 
ture.  This  equation  enables  us  to  determine  the  percentages 
of  1,2  and  1,4  structures  in  the  molecules  of  butadiene 
pxilymers  expierimentally. 
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TABLE  2 

Variation  of  the  Rate  of  Destructive  Dissolution  of  Vulcanjjsed 
Natural  Rubber  with  the  Composition  of  the  Vulcanizing  G^oup 
Temperature  109*.  Oxygen  pressure  approx.  760  mm  Hg. 


Composition  of  the 

Tensile 

1o 

Perm- 

Rate  of  dis- 

Com- 

vulcanizing  group. 

strength 

elong 

anent 

solution, 

bined 

parts  by  weight 

kg/cm* 

ation 

elong- 

g-10® 

ssdfur. 

ation, <55 

cm*-min 

lo 

Thiuram  0.2 

Sulfur  2.0 

1  176 

840 

6 

3.0 

1.48 

Captax  0.8 

Sulfur  2.75 

1  221 

850 

12 

3.87 

i.4‘.’ 

Diphenylguanidine  1.0 
Sulfur  3.5 

J  190 

880 

10 

2.31 

1.35 

Cymate  0.3 

Sulfur 

^  180 

830 

8 

3.6 

Vulcar  ite  0.25 

Sulfur  2.0 

j  180 

950 

8 

3.4 

- 

Santocure  1,0 

Sulfur  2.0 

j  314 

765 

12 

4.9 

1.48 

The  polymer’s  structure  likewise 
affects  the  apparent  activation  energy  of 
the  process  of  destructive  dissolution.  De¬ 
termination  of  this  variable  required  the 
prior  dete:;mination  of  the  temperature 
change  in  the  absorption  coefficient  of  ox¬ 
ygen  in  the  solvent.  With  this  objective, 
we  worked  out  a  method  together  with  M. 
M.Rezinovsky  [3]  and  found  that  the  absorp¬ 
tion  coefficient  of  oxygen  in  xylene  rises  in 
the  23-100*  interval  in  accordance  with  the 
following  linear  equation; 


1  .  =150.5  +  0.395-  t, 
~A 


(5) 


The  kinetics  of  dissolution  of  the  vulcanized 
rubbex  are  given  by  the  following  equation: 


(6) 


Fig.  4.  Kinetic  curves  of  the  destructive  dissolu¬ 
tion  of  vulcanized  natural  rubber  containing  var¬ 
ious  vulcanization  accelerators.  Temp.  109*. 

1)  Captax;  2)  Santocure;  3)  Cymate;  4)  Vulcacite; 
5)  tetramethylthiuram  disulfide;  6)  diphenylguan- 
Idine. 


where  [O]  it  the  o^tygen  concentration  in 
the  solvent,  and  S  is  ihe  suriace  area  of 
the  vulcanized  rubber. 

If  we  insert  in  this  equation  the 
values  of  [O]  calculated  from  Equation  (5), 
the  kinetic  constants  obiaired  for  various 
temperatures  approximately  obey  the  Arrhenius  equation 
(Figiue  3).  The  apparent  activation  energy  of  destructive 
dissolution  is  19cal/mole  for  a  vulcanized  natural  rubber 
in  the  87-107“  range,  31.2cal/mole  for  a  vulcanized 
sodium— butadiene  rubber  in  the  116-128*  range,  and  27.12 
Cal/mole  for  a  vulcanized  butadiene— styrene  rubber  in 
the  114-123*  range. 

The  subsuntial  increase  in  the  activation  energy 
from  the  natural  rubber  to  the  butadiene  polymers  is  due 
precisely  to  the  presence  in  the  latter  of  double  bonds  in 
the  vinyl  side  groups,  which  deflect  the  process  into  a 
steric  structuralization. 

2.  Effect  of  the  composition  of  the  vulcanized 
rubber  upon  the  kinetics  of  destructive  dissolution.  We  in¬ 
vestigated  the  effect  of  the  vulcanizing  group  uprm  the 
kinetics  of  dissolution  of  vulcanized  natural  rubber.  The 
composition  and  percentage  of  the  other  ingredients  re¬ 
mained  the  same  as  in  the  original  recipe  (see  above). 


If  the  nature  of  the  process  kinetics  is  kept  un¬ 
changed  (Figure  4),  a  change  in  the  composition  of  the 

vulcanizing  group  results  in  a  change  in  the  rate  of  destructive  dissolution  (Table  2),  which  is  unrelated  to  the 
mechanical  propeities  of  the  vulcanized  films  or  the  percentage  of  binding  sulfur  they  contain.  In  view  of  the  fact 
that  the  degree  of  voicanization  of  the  tested  films  was  the  same,  the  influence  of  the  composition  of  the  vulcan¬ 
izing  group  upon  the  rate  of  destructive  dissolution  may  be  attributed  to  the  chemical  nature  of  the  accelerator. 

We  have  previously  demonseated  [1]  that  mercaptans  accelerate  the  dissolution  of  vulcanized  natural  rub¬ 
ber,  whereas  amines  retard  this  process.  It  is  also  known  [5]  that  tetramethylthiuram  disulfide  retards  oxidation.  As 
a  matter  of  fact,  rubbers  that  contain  diiuram  and  diphenylguanidine  do  dissolve  more  slowly.  Accelerators  that 
possess  a  mercapto  group  m  their  molecule  accelerate  the  dissolution  of  the  rubber.  This  may  be  explained  in 
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either  of  two  ways;  in  some  instances  mercaptans  accelerate  the  addition  of  oxygen;  and  they  retard  the  poly¬ 
merization  processes. 


It  should  be  borne  in  mind  that  in  the  procedure  adopted,  films  of  vulcanized  rubber  that  had  been  ex¬ 
tracted  in  chloroform  were  subjected  to  the  dissolution  process,  which  eliminated  the  accelerators  that  had  not 
reacted  during  vulcanization.  Hence  the  accelerator  or  product  of  its  interaction  that  affected  the  rate  of 
destructive  dissolution  in  our  tests  evidently  existed  in  the  vulcanized  rubber  in  a  combined  state. 

3.  Effect  of  nature  of  solvent  upon 
kinetics  of  destructive  dissolution  of  vulcanized 
sodium-butadiene  rubber.  Fig,5  gives  the  kinetic 
curves  ot  the  destructive  dissolution  of  vulcan¬ 
ized  sodium-butadiene  rubber  in  various  solvents; 
xylene,  white  spirit,  cracking  gasoline,  ligroin, 
and  toluene.  The  nature  of  the  process  kinetics 
remains  unchanged,  though  the  dissolution  rate 
varies.  Bearing  in  mind  that  the  destructive 
dissolution  is  brought  about  by  the  action  of  oxy¬ 
gen,  we  might  think  that  this  phenomenon  is  due 
to  the  different  solubility  of  oxygen  in  the  sol¬ 
vents  tested. 

As  has  been  pointed  out,  we  designed  a 
special  device,  described  elsewhere  [3],  to  deter¬ 
mine  the  solubility  of  oxygen  in  organic  solvents. 
In  contrast  to  apparatus  of  this  type  previously 
described,  the  preliminary  degassing  of  the  solvent  was  effected  within  the  apparatus  itself,  the  degassed  solvent 
being  drawn  into  the  adsorption  vessel  by  its  own  vapor  pressure,  which  makes  it  possible  to  fabricate  all  connec¬ 
tions  out  of  glass.  As  we  see  in  Figure  6,  the  rate  of  destructive  dissolution  of  the  vulcanized  rubbers  is  a  linear 
function  of  the  solubility  of  oxygen  in  the  solvents  tested.  The  sole  exception  to  this  rule  is  white  spirit.  The 
slowed  dissolution  of  the  vulcanized  rubber  in  this  solvent  is  apparently  due  to  the  fact  that  white  spirit  contains 
up  to  107o  of  aromatic  compounds,  which  may  contain  functional  groups  that  retard  the  reaction  with  oxygen. 

TABLE  3 


Variation  of  the  Rate  of  Destructive  Dissolution  of  Vulcanized  Sodium-Butadiene  Rubber  with  the  Solubility  of 
Oxygen  in  the  Solvent 


Temp,  at  which 

Rate  of  dissolution 

Temp,  at  which 

Oxygen 

Solvent 

vulcanized  rubber 

of  the  vulcanized 

the  oxygen 

solubility^ 

is  destructively 

rubber,  grams/ 

solubility  was 

ml  per  ml 

dissolved,  *C 

cnf/min 

deterniined,  *C 

of  solvent 

Xylene 

110 

6.3*10'* 

23.5 

0.177 

Ligroin 

110 

d.e-io"* 

20 

0.156 

Toluene 

no 

3.05*10‘’ 

20 

0.129 

White  spirit 

114 

1.72*10^ 

19 

0.170 

Fig.  5.  Kinetic  curves  of  the  destructive  dissolution  of  vul¬ 
canized  sodium-butadiene  rubber  in  various  media. 

Temp.  110®.  1)  Xylene;  2)  ligroin;  3)  toluene;  4)  white 
spirit. 


4.  Effect  of  HtO  upon  the  kinetics  of  the  destructive  dissolution  of  vulcanized  sodium-butadiene  rubber. 
The  procedure  we  utilized  in  studying  the  influence  of  water  was  the  same,  the  sole  difference  being  that  oxygen 
saturated  with  water  vapor  was  supplied  to  the  device  instead  of  anhydrous  oxygen.  The  presence  of  water  in 
the  oxygen  and  in  the  solvent  had  no  effect  upon  the  nature  of  the  kinetics  of  destructive  dissolution  of  vulcan¬ 
ized  natural  and  sodium-butadiene  rubber  (Fig. 7),  though  the  rate  of  dissolution  was  slowed  down  in  both  cases. 

We  ran  experiments  to  determine  the  effect  of  moisture  upon  the  kinetics  of  oxidation  of  vulcanized 
rubbers  in  a  solid  film  in  order  to  ascertain  the  mechanism  involved  in  the  action  of  water  during  destructive 
dissolution.  Oxidation  was  effected  in  a  Nekrasov  adsorption  apparatus,  the  reaction  vessels  not  contaimng  any 
alkaline  absorbents  of  the  volatile  oxidation  products,  of  course.  Water  was  introduced  into  the  reaction  vessel  in  the 
following  manner.  One  or  two  dropsof  water  were  frozen  in  the  vessel,  after  which  the  air  was  pumped  out  of  the  vessel, 
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and  enough  dry  oxygen  was  supplied  to  allow  for  the  expansion  of  the  volume  of  oxygen  and  water  as  the  temper¬ 
ature  was  raised  to  the  experimental  temperature.  A  parallel  oxidation  experiment  was  run  with  dry  oxygen 
(again  without  any  alkaline  absorbents).  The  films  of  vulcanized  rubber  were  prepared  by  applying  a  rubber  paste 
of  the  desired  composition  and  vulcanizing  by  the  specified  procedure. 


lity  in  varioa*'  solvents  upon  the  rate  of 
destructive  dissolution  of  vulcanized 
sodium-butadiene  rubber.  1)  Xylene: 

2)  lagroinr  3)  Toluene;  4)  White  Spirit 


solution  of  vulcanized  rubber.  Temperature;  105*. 

1)  Anhydrous  oxygen;  2)  oxygen  containing  water  vapor  with  a 
partial  pressure  of  22.4  mm  1^. 


The.se  experiments  Indicated  that  the  presence  of  water  in  the  oxygen,  with  its  partial  pressure  cor¬ 
responding  to  the  temperature  of  the  experiment,  retards  the  addition  of  oxygen,  at  least  during  the  period  of 
vulcanized  rubber  oxidation  that  follows  upon  the  induction  period,  apparently  as  the  result  of  the  water's  decom¬ 
posing  the  peroxide.  Hence,  the  retarding  action  of  water  upon  the  dissolution  of  vulcanized  rubber  is  related  to 
the  water's  reurdation  of  the  addition  of  oxygen  to  the  rubber  (Figure  8). 

5.  Properties  of  destructively  dissolved  vulcanized  sodium-butadiene  rubber.  The  destructive  dissolution 
of  vulcanized  sodium-butadiene  rubber  produces  a  faintly  yellow  opalescent  solution.  Methanol  precipitates  some 
70^  of  the  subsunce  horn  solutions  whose  concentration  is  no  lower  than  5^,  as  a  tacky  mass  that  can  be  completely 
dissolved  in  all  the  ordinary  rubber  solvents  after  it  is  dried  in  vacuo  at  room  temperature.  Chemical  analysis  of 
destructively  dissolved  vulcanized  rubber  indicates  that  it  contains  free  carboxyl  groups  (5.4  mg  of  carboxylic  oxygen 
per  gram  of  vulcanized  rubber),  and  peroxide  groups  (1.2^  of  active  oxygen).  The  total  percentage  of  oxygen  in 
the  destructively  dissolved  vulcanized  rubber  (after  i»ecipitation  with  methanol)  was  about  APjo), 

The  partial  molecular  weight  of  the  destructively  dissolved  vulcanized  nbberiwas  deterniined  ty.cQroscopy  in 
benzene  solutions  whose  concenaation  was  at  least  2^.  It  ranges  horn  3600  to  2400,  the  partial  weight  exhi¬ 
biting  a  tendency  to  rise  as  the  solution  concentration  drops.  The  osmotic  partial  molecular  weight,  extrapo¬ 
lated  to  zero  concentration,  was  16,000.  There  is  no  doubt  that  this  weight  represents  the  high-molecular 
fraction  of  the  product,  because  of  the  permeability  of  the  membrane  for  the  low-molecular  fraction. 

The  viscosity  of  solutions  of  the  destructively  dissolved  vulcanized  sodium-butadiene  rubber  (Fig.  9)  is  a 
linear  function  of  the  equation; 

ijsp  “  24.0-v-C,  (7) 

where  sp  is  the  specific  viscosity,  vis  the  specific  volume  of  die  vulcanized  rubber,  and  C  is  the  concentration  in 
grams  per  liter,  diroughout  a  wide  range  of  concentrations.  The  numerical  coefficient  of  this  equation  makes  it 
possible  to  calculate  the  ratio  of  the  axes  of  the  ellipsoid  of  rotation,  corresponding  to  the  dimensions  of  the  parti¬ 
cles  of  the  destnictively  dissolved  vulcanized  rubber,  from  Simha's  table  [6].  This  ratio  equals  15.  According  to 
Pasynsky  [7],  this  ratio  is  65  for  the  molecules  of  crude  sodium-butadiene  rubber. 

The  coefficient  in  Equation  (7)  is  about  10  times  as  large  as  the  numerical  coefficient  in  the  Einstein  equa¬ 
tion,  which  indicates  that  the  effective  volume  of  the  particles  of  the  destructively  dissolved  vulcanized  rubber  in 
the  solution  is  10  times  as  large  as  their  volume  in  the  solid  state.  We  found  that  the  volume  of  the  initial  vulcanized 
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rubber  is  increased  by  a  ratio  of  9.8:1  in  xylene.  Comparison  of  these  figures  indicates  that  the  solution  of  the 
destructively  dissolved  vulcanized  rubber  contains  massive  particles  that  swell  up  in  the  solvent,  constituting  a 
sort  of  envelope  of  the  steiic  structure  of  the  vulcanized  rubber. 


Fig  8.  Effect  of  moisture  upon  the  kinetics  of  the  absorption  of  oxygen  by  vulcanized  natural  rubber. 
Temperatm;e;  108°.  1)  Dry  oxygen?  2)  moist  oxygen. 


Thus  the  solution  of  destrucavely  dissolved  vulcanized  rubber  constitutes  a  new  type  of  lyophilic 
colloidal  system.  Some  of  the  characteristics  (form,  presence  of  a  surface  of  separation)  of  the  system  described 
class  it  as  a  lyophobic  colloid,  thus  differing  from  the  solutions  of  ordinary  high-molecular  compounds.  The 

system  differs  from  typical  lyophobic  colloids  in  so  fat  as  the 
conditions  governing  its  stabilizauon  are  concerned,  which  is 
determined  by  the  ability  of  its  particles  to  swell  up  in  a  sol*^ 
vent.  What  is  more,  the  primary  particles  of  the  disperse  i^ase 
of  a  solution  of  a  destructively  dissolved  vulcanized  rubber 
constitute  a  system  of  atoms  linked  by  principal  valency  fences, 
wherein  they  differ  from  the  particles  in  the  disperse  phase  of 
lyophobic  colloids. 

SUMMARY 

1.  Vulcanized  synthetic  rubbers  dissolve  completely 
when  heated  in  hydrocarbon  media  that  contain  molecular  oxygen. 
The  kinetics  of  the  destructive  dissolution  of  vulcanized  synthetic 
rubbers  are  governed  by  the  laws  established  for  the  destructive 
dissolution  of  vulcanized  natural  rubber. 

2.  The  rate  of  destructive  dissolution  of  vulcanized  rubbers  depends  upon  the  molecular  suucture  of  the 
rubbers.  The  destructive  dissolution  rates  of  vulcanized  rubbers  increase  progressively  according  to  the  following 
series:  butyl  rubber  <.  sodium-butadiene  rubber  <  butadiene-styrene  rubber  chloroptene  rubber  <C  natural 
rubber.  The  apparent  activation  energy  is  19  Cal/rnolefoi  naturil  rubber,  31.2  Cal/molefor  sodium-butadiene 
rubber,  and  27.1  Cal/mole  for  butadiene-styrene  rubb«i. 

3.  The  rate  of  destructive  dissolution  of  vulcanized  butadiene  rubbers  rs  a  Lnea;  ftinction  of  the  per¬ 
centage  of  1,4  stiiucrures  in  the  rubber  molecule. 

4.  The  rrechanical  properties  of  the  vulcanized  rubbers  have  no  perceptible  eSec  i:  upot;  rhe  rare  of  their 
destructive  diS!joiu;3.on.  The  tvpe  of  accelerator  employed  is  of  basic  iro.port.ance,  tb.eir  rtifiuer,ce  con.esponding 
to  their  effect  upon  the  rare  at  which  oxygen  is  added. 

5.  The  pi'esente  of  water  retards  the  dissolution  of  vulcanized  natural  and  sodiam-bu?ad.ie.ne  lubbei, 
because  the  HjO  letards  the  pocess  of  oxrygen  addidon. 


fioncer^adion^ 

Fig.  9.  Variation  of  the  viscosity  of  solu¬ 
tions  of  destructively  dissolved  vulcanized 
sodium-butadiene  rubber  with  their  con¬ 
centration. 
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6.  The  rate  of  destructive  dissolution  of  vulcanized  rubbers  in  various  solvents  is  a  linear  function  of 
the  absorption  coefficient  of  oxygen  in  these  solvents. 

7.  The  viscosity  of  solutions  of  destructively  dissolved  vulcanized  sodium-butadiene  rubber  is  a  linear 
function  of  concentration  up  to  5®S». 

8.  The  mean  partial  molecular  weight,  determined  cryoscopically,  ranges  from  2400  to  3600  for  vul¬ 
canized  sodium-butadiene  rubber,  the  osmotic  value  being  16,000.  The  axial  ratio  of  the  particles  is  1:15. 

9.  It  is  asserted  that  solutions  of  destructively  dissolved  vulcanized  rubber  represent  a  special  type 
of  colloidal  solutions. 
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NEW  TYPES  OF  TERPENE  TRANSFORMATIONS 


Vm.  SYNTHESIS  OF  TERPENYLACETOACETIC  AND  TERPENYLMALONIC  ESTERS  AND  OF  THEIR  CLEAVAGE 

PRODUCTS 


D.  Tishchenko  and  V.  Foliadov 


In  oui  Report  VII  [1]  we  set  forth  general  considerations  regarding  the  anion-exchange  reactions  of  allylic 
chloroterpenes  and  described  methods  of  synthesizing  ethers  and  esters  of  Ci|H|gOR  terpenols.  We  showed  that  a 
solvent  yielding  the  same  anion  as  the  reagent  (say,  acetic  acid  and  potassium  acetate)  must  be  used  if  a  high 
yield  of  the  desired  product  is  to  be  obtained  in  an  anion-exchange  reaction. 

Inasmuch  as  allylic  chloroterpenes  have  been  unknown  pricv  to  this,  the  corresponding  acetoacetic  and 
malonlc  esters  have  been  likewise  unknown.  We  fixed  upon  the  thermally  stable  6-chlorodipentene  [2]  for  our 
research  into  the  feasibility  of  synthesizing  these  esters.  In  accordance  with  the  foregoing,  the  synthesis  of 
these  esters  should  be  carried  out  in  a  large  excess  of  malonic  or  acetoacetic  esters  as  solvents  of  sodium-sub¬ 
stituted  esters.  But  we  did  not  have  large  quantities  at  our  disposal,  so  that  we  synthesized  the  sodium-substituted 
esters  in  toluene  at  100*,  using  calculated  quantities  of  the  ester  and  of  sodium  and  then  adding  6-chlorodipentene. 
It  was  impossible  to  utilize  absolute  alcohol  as  the  solvent,  for  then  the  ixincipal  reaction  product  would  be  6- 
ethoxydipentene  [1].  The  reaction  of  6-chlorodipentene  with  the  sodium  derivatives  of  the  specified  esters  in 
toluene  is  much  slower  than  with  pxitassium  acetate  in  acetic  acid.  The  reason  for  this  is  evidently  that  toluene 
is  not  a  good  enough  ionizing  solvent  for  either  the  chloroterpene  or  the  sodium-substituted  ester,  owing  to  its 
low  dielectric  constant,  wherein  it  differs  from  acetic  aci^.  As  a  result,  the  rate  of  ionization  of  the  chloroter¬ 
pene,  which  governs  the  overall  conversion  rate,  is  low,  with  the  consequences  that  follow  therefrom. 

The  conversion  we  are  interested  in  are  far  from  finished  after  16-24  hours  of  heating;  being  only  30-7 
complete,  though  there  are  no  side  reactions:  the  unreacted  portion  of  the  chloroterpene  being  recovered  un¬ 
changed,  and  the  balance  sheet  of  die  initial  and  synthesized  substances  tallying. 

6-Chl(»odipentene  was  condensed  with  the  sodium  derivatives  of  acetoacetic,  methylacetocacetic,  and 
malonic  esters.  The  resulting  6-dipentenyl  esters  were  viscous,  high-boiling  liquids.  The  6-dipentenylaceto- 
acetic  ester  was  subjected  to  ketonic  cleavage,  the  6-dipentenylmethylacetoacctic  ester  being  subjected  to  both 
ketonic  and  acidic  cleavage,  thus  yielding  hitherto  unknown  ketones  (6-acetonyldipentene  and  6-isobutanonyl- 
dipentene)  and  the  unknown  methyl -6 -dipentenylacetic  acid. 
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where  R  =  6-dipentenyl. 

The  dipenteityimalonic  ester  was  saponified  to  the  corresponding  dipentenylmalonic  acid,  from  which 
carbon  dioxide  was  out  to  produce  dipentenylacetic  acid, 

The  two  new  ketones  are  mobile  liquids  with  very  pleasant  fragrances.  Their  analyses  indicated  that 
they  were  somewhat  impure.  Their  semicarbazones  were  secured  in  an  analyticaUy  pure  state.  We  were  unable 
to  crystallize  any  of  the  acids  mentioned. 

As  the  cited  findings  indicate,  it;  is  possible  to  synthesize  terpenylacetoacetic  and  terpenylmalonic  esters 
readily  from  the2mally  stable  chlorote;^penes.  ThLs  is  fuither  [1]  confirmation  of  the  feasibility  of  synthesizing 
unknown  or  difficultly  accessible  te;;pene  derivatives  with  the  same  degree  of  unsaturation  and  the  same  carbon 
skeleton  as  the  original  terpene,  which  we  had  postulated  previously. 

EXPERIMENTAL 

Synthesis  of  6“d?.pentenylacer.oacetic  ester.  The  Schlotodipentene  had  a  b.p.  of  68*  (2  mm);  d**  0.9926; 
n^  1.4979;  the  percenuge  of  saponifiable  chlorine  was  found  to  be  19.5,  19.8,  the  calculated  value  being  20.7. 

100  ml  of  anhydrous  toluene  and  2.7  g  of  sodium  were  placed  in  a  round -bottomed  flask  fitted  with  a 
stirrer  and  a  reflux  condenser.  The  flask  was  heated  until  the  sodium  melted,  after  which  the  stiner  was  stopped 
and  15.3  g  of  ethyl  acetoacetate  was  added  drop  by  drop.  After  6  hours  of  stirring  at  100“  (bath  temperature), 
all  the  sodium  was  converted  into  a  gelatinous  precipitate  of  the  sodiumacetoacetic  ester.  The  mixture  was 
stirred  and  heated  while  20  g  of  the  chloroterpene  was  added.  Eight  hours  later,  while  the  isecipitate  was  fully 
stirred  up  with  the  stlrrei,  a  sample  was  taken  with  a  pipet  (the  total  volume  being  known)  and  the  NaCl  content 
of  the  sample  was  deiermined.  The  reaction  was  58<5fo  complete.  Heating  and  stirring  were  continued  for  another 
8  hours,  after  which  the  reaction  was  66.95S»  complete.  The  precipitate  was  suction  filtered,  washed  with 
toluene,  and  dissiolved  in  water,  the  solution  being  extracted  with  ether.  The  percentage  of  Cl  was  det^mined 
in  die  aqueous  solution;  the  reaction  was  complete.  The  coarse  method  (see  above)  yielded  66.5^,  which 
indicated  that  it  could  be  employed  to  check  the  progress  of  the  reaction.  The  ether  and  the  toluene  were  eli¬ 
minated  from  the  filtiat.es,  the  residue  weighing  28.5  g;  it  was  distilled  at  0.2  mm,  yielding?  Fraction  1  (to  55*)^ 
3.85  g;  and  Fiaction  2  (55*),  2.95  g.  Fraction  1  colored  ferric  chloride  crimson  and  contained  9.2^  chlorine, 
i.e.,  it  was  a  mirture  of  approximately  equal  parts  of  the  acetoacetic  ester  and  die  chlorodlpentene;  Fraction  2 
contained  20.0^  of  chlorine  (chlorodipentene).  The  residue  was  fractionated  molecularly  at  0.001  mm,  yielding; 
Fraction  1  (bath  temperature  up  to  80*),  1.70  g;  Fraction  2  (bath  temperature  80-85“),  15.55  g;  and  a  residue 
of  2.65  g,  which  did  not  distil  on  a  boiling  water  bath. 

Fraction  1  contained  12.8%  of  chlcnrine  and  colored  FeCl^  crimson,  Le.,  it  contained  a  chlmide  and  the 
sought-for  ketone  ester;  Fraction  2  colored  FeCls  red  and  had  the  following  constants; 

d|^  1.0144;  ng  1.4891;  MRjj  75.18;  calculated  for  the  keto  form  74.62. 

Found  %;  OC^l^  17.8,  17,5.  C||pHy|0».  Calculated  %;  OC]!^  17.1. 

Ketonic  cleavage  of  the  ketone  ester.  16  g  of  Fractions  1  and  2  was  steam-distilled  with  140  ml  of  7% 
potassium  hydioiiide.  The  distillate  was  extracted  with  ether,  the  ether  driven  off  from  the  extract,  and  the 
residue  (10.8  g)  fractionated  into  a  small  colunm  at  1  mm,  yielding;  Fraction  1  (53-85*),  1.10  g;  Fraction  2 
(85-87*),  6.8  gf  Fraction  3  (87)- 120- 12^*  2.2  g;  and  0.5  g  of  residue. 

Fraction  1  contained  chlorine,  being  a  mixture  of  a  chloride  and  the  ketone;  the  consunts  of  Fraction  3 
were  d**  1,014;  ng  1.4924;  %  OCjHg  17.4;  and  it  represented  the  initial  ketone  ester;  Fraction  2  possessed  a 
highly  fragrant,  slightly  shaip  odor. 

d|*  0.9353;  ng  1.4880;  MRj,  59.19;  Ci,HuCHCOCH,'P,.  Calculated  59.11.  Found  %;  C  78.6,  78.7; 

H  11.1,  11.2.  Cjgl^gO.  Calculated  %?  C  81.2;  H  10.6. 

Semlca:.bazone  of  6-acetonyld:^ntene.  0.7  g  of  semicarbazide  hydrochloride  and  0.65  g  of  potassium 
acetate  were  sepa.ately  dissolved  in  alcohol  and  then  poured  together,  the  KCl  being  suction  filtered,  and  1.2  g 
of  the  ketone  being  added  to  the  filtrate.  The  solution  was  heated  to  60*,  and  water  was  added  a  drop  at  a  time 
until  the  resultijig  turbidity  disappeared  with  difficulty.  The  flask  was  stoppered  with  cotton.  Two  hours  later 
crystals  of  the  semicarbazone  with  a  m,  p.  of  117-118*  settled  out  nearly  quantitatively.  The  m.p.  was  constant 
at  129,5-130*  after  the  fourth  recrystallization  from  alcohol. 

Found  %;  N  16.5,  17.2.  Cj^l^ONs.  Calculated  %;  N  16.9. 
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Synthesis  of  6-dipentenylmethylacetoacetic  ester.  This  was  eifected  under  the  conditions  set  forth  above. 

6.5  g  of  sodium;  250  ml  of  toluene;  44  g  of  methylacetoacetic  ester;  and  48.5  g  of  6-chlorodipentene;  18  hours 
of  heating  on  a  water  bath.  The  reaction  product  was  diluted  with  an  equal  volume  of  water  and  neutralized, 
while  stirred,  with  normal  nitric  acid;  the  toluene  and  aqueous  layers  were  separated;  and  the  percentage  of  Cl 
in  the  latter  layer  was  determined.  The  reaction  was  63  47o  complete.  The  toluene  was  driven  off  from  the 
toluene  layer  in  a  water-jet  vacuum  with  an  adapter,  the  residue  weighir^  70  g.  Molecular  fractionation  of  the 
residue  at  0.001  mm  and  a  bath  temperature  not  in  excess  of  100*  yielded  52.8  g  of  distillate,  the  residue  totaling 
9  g,  and  the  losses  8.2  g,  as  indicated  by  the  toluene  balance  sheet.  The  distillate  contained  6.85  g  of  chlorine, 
equivalent  to  17.4  g  of  the  chloride.  If  the  reaction  had  been  63.4<1^  complete,  we  should  have  gotten  17.8  g  of 
the  chloride.  52.35  g  of  the  distillate  was  fractionated  at  1  mm  into  a  column  with  an  efficiency  of  3-4  theo¬ 
retical  trays  and  a  reflux  ratio  of  8-10.  Fraction  1  (43-120®)  weighed  13  65  g;  Fraction  2  (120-135®),  5.05  g; 

Fraction  3  (135-137®),  30.75  g;  the  residue  was  2.05  g?  and  the  losses  0.85  g.  Fraction  3  contained  no  chlorine. 

dj®  1.017;  n}5  1.4889;  MRd  78.83.  CHsCOC(Ci8His)(CH5)COOC2H5‘'r2.  Calculated  78.81.  Found 
CXljHs  16,5.  CnH^gO,.  Calculated  <7os  OCjHg  16.2. 

Ketonic  cleavage  of  the  ester.  19.75  g  of  the  ester  and  200  ml  of  7^  potassium  hydroxide  were  distilled 
with  steam.  The  oil  was  extracted  from  the  distillate  with  ether,  the  ether  being  driven  off  and  leaving  a 
residue  of  17.4  g.  The  residue  was  fractionated  at  1,6  mm  into  a  small  column  with  a  reflux  ratio  of  8-10: 

Fraction  1  (85-102®),  0.5  g;  Fraction  2  (102-109®),  3.15  g;  Fraction  3  (109-130®),  3.55  g”.  Fraction  4  (130-138®), 

7.15  g;  and  a  residue  of  1.05  g.  Fraction  4  was  the  initial  ketone  ester  (d|®  1,026;  njj  1.4901).  Fractions  2 
and  3  were  refractionated  at  1.25  mm;  Fraction  1  (96-98®),  5,2  g;  Fraction  2  (98-108*),  0.9  g;  and  a  residue  of 
0.5  g.  The  constants  of  Fraction  1  were;  d*®  0,9378;  np  1,4834;  MRp  62.83,  CH3COCH(CH3)Ci6Hj5”p2. 

Calculated  63.37.  The  ketone  is  a  liquid  with  a  pleasant  fragrance  that  is  somewhat  different  from  that  of  the 
preceding  one.  Its  negative  exaltation  is  evidence  of  its  incomplete  purity. 

Semicarbazone  of  isobutanonyl-6-dipentene.  This  was  prepared  by  the  method  described  above.  The 
crystals  settled  out  24  hours  later,  rather  than  after  2  hours,  which  conforms  with  the  greater  degree  of  branching 
of  this  ketone.  A  constant  m.p.  of  127-127,5®  was  attained  after  three  recrystallizations  from  methanol.  Found  ‘jL- 
N  16.2,  16.3.  C15H25ON3.  Calculated  <70;  N  16,0. 

Synthesis  of  the  6^ipentenylmalonic  ester.  300  ml  of  toluene  and  2  7  g  of  sodium.  The  mixture  was 
heated  to  100*  and  stirred  while  29  g  of  malomc  ester  was  added  in  the  course  of  2.5  hours,  followed  by  20.5  g 
of  the  chlorodipentene.  Heating  lasted  2,5  hoir:5k  After  cooling,  the  reaction  product  was  neutralized  with  dilute 
nitric  acid  (1:5).  The  toluene  layer  was  removed,  and  the  percentage  of  chlorine  in  the  aqueous  layer  determined, 
indicating  that  the  reaction  was  35.6‘7o  com_plete.  The  toluene  was  driven  off  from  the  toluene  layer  at  12  mm  into 
a  column,  the  residue  weighing  44  g  The  52-60°  overhead  fraction  (24.5  g,  containing  l.T’Jo  of  chlorine)  was 
distilled  at  0.1  mm,  the  residue  weighing  16.2  g=of  the  latter  14  3  g  was  fractionated  at  0.01  mm,  yielding; 

Fraction  1  (53-112*),  1.1  g;  Fraction  2  (112-113®),  8.7  g;  and  Fraction  3  (113-119"),  2.5  g 

Fraction  2:  d|®  1.031;  nfj  1,4755;  MRp  80.82.  C\oHisCH(COOC2H5)2.  Calculated  80.87. 

Found  <70;  OC,l%  29.5,  29.1,  Calculated  <7);  OC2H5  30.6. 

Fraction  3:  dj®  1.025;  np  1.4769;  MRp  81.7.  <7o  OCiH^  29.9.  The  distrllation  residue  (1.1  g)  contains 
26.9^t  of  OC2H5.  The  yield  of  the  dipentenylmalonic  ester  is  equivalent  to  mineralized  chlorine. 

Saponifying  the  ester.  7.45  grams  of  the  ester  was  heated  to  100®  for  3  hours  with  4  g  of  KOH  and  3  ml 
of  water.  The  alcohol  and  the  unsapoaified  ester  were  blown  off  with  steam,  the  residue  being  extracted  with 
ether,  and  the  alkaline  solution  acidulated  with  Congo  red  and  extracted  with  ether.  The  ether  was  driven  off 
from  the  extract,  the  residue,  a  viscous  liquid,  weighir®  5.9  g.  The  gram  equivalent  was  found  to  be  133,  the 
computed  value  for  dipentenylmalonic  acid  being  119;  an  acid  ester  is  evidently  present  as  an  impurity.  The 
ester  is  freely  soluble  in  all  solvents,  with  the  exception  of  gasoline;  when  its  solutions  are  evaporated,  a  thick 
oil  settles  out.  • 

Decomposing  dipentenylmalonic  acid.  4. 9  grams  of  the  acid  was  heated  on  a  metallic  bath  until  no 
more  carbon  dioxide  was  given  off,  evolution  beginning  at  110®  and  ceasing  at  190*.  The  residue  weighed 
3.70  g,  though  it  should  weigh  3.55  g.  The  gram  equivalent  was  found  to  be  228,  the  calculated  value  for 
dipentenylacetic  acid  (CuHijOjt)  being  194.  The  acid  contains  neutral  impurities.  The  silver  salt,  prepared 
in  the  usual  manner,  yielded  nearly  the  calculated  percentage  of  silver  upon  analysis  (35.5,  35. 6^0;  calculated 
35.7<7o). 
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Synthesis  of  methyl-6-dipentenylacetic  acid.  6. 1  grams  of  methyldipentenylacetoacetic  ester  (see 
above)  was  heated  to  100*  with  17  g  of  an  82^o  solution  of  KOH  for  3  hours  45  minutes.  Steam  was  blown 
through  the  solution  to  remove  the  neutral  substances,  the  solution  being  extracted  with  ether  after  cooling 
for  the  same  purpose,  and  then  acidulated  with  Congo  ted.  The  oil  was  extracted  with  ether,  and  the  ether 
driven  off,  the  residue  weighing  3.6  g.  The  gram  equivalent  was  found  to  be  216,  the  calculated  value 
being  208.  The  acid  was  purified  by  molecular  distillation  at  0.001  mm  and  a  bath  temperature  of  80-90*, 
which  reduced  the  gram  equivalent  to  210.  The  acid  did  not  crystallize. 

Found  <5fc:  C  74.4;  H  9.9.  CuH,^.  Calculated  C  74.9;  H  9.7. 

The  silver  salt  was  prepared  in  the  usual  manner. 

Found  C  49.4;  H  6.2;  Ag  34.1.  C^HijOjAg.  Calculated  C  49.5;  H  6.1;  Ag  34.2. 

SUMMARY 

1.  6-Chlorodipentene  has  been  used  to  show  that  terpenylacetoacetic  and  terpenylmalonic  esters 
can  be  synthesized. 

2.  Ketones  and  acids  of  the  homoterpene  series  can  be  prepared  from  these  esters  in  the  usual  manner. 

3.  These  facts  support  our  ixevious  postulate  that  diversified  new  syntheses  can  be  carried  out  using 
the  chloroterpenes,  yielding  hitherto  unknown  or  difficultly  accessible  derivatives  of  terpenes  in  which  neither 
the  carbon  skeleton  nor  the  degree  of  unsaturation  of  the  terpene  is  changed. 

LITERATURE  CITED 

[1]  J.  Gen.  Chem.  22.  803  (1952).  • 

[2]  J.  Gen.  Chem.  20,  905  (1950).*  • 

Received  September  13,  1950.  The  S.  M.  Kirov  Academy  of  Forest  Technology 


*  See  Consultants  Bureau  translation,  p.  865. 

•  •  See  Consultants  Bureau  translation,  p,  941. 


1002 


THE  FORMATION  OF  PHENOLS  IN  THE  CATALYTIC  CONDENSATION  OF  ACETONE 


WITH  ACETIC  ANHYDRIDE.  Ill 


B.  N.  Dolgov,  T.  V.  Nizovkina,  and  L.  V.  Mozzhukhina 


When  ethyl  alcohol  is  condensed  with  acetone  over  an  Al^Og— F^O^  catalyst  at  400-410°,  condensate 
is  formed  that  contains  of  phenols,  the  bulk  of  which  consists  of  3,5-'dimethyIphenol  [1].  On  the  basis  of 
the  existing  research  papers  and  analytic  findings  the  suggestion  was  put  forward  that  this  is  a  complex  pro¬ 
cess,  the  first  stage  of  which  is  the  dehydrogenation  of  ethyl  alcdhol  to  acetaldehyde,  which  then  condenses 
with  the  acetone,  forming  the  final  phenol.  In  our  study  of  the  behavior  of  several  alcohoi-ketone  systems  we 
secured  the  corresponding  phenols  that  were  predicted  by  the  proposed  mechanism;  to  a  certain  degree  this 
constitutes  a  ixoof  that  the  latter  is  conect.  We  also  undertook  the  present  research  on  the  acetaldehyde- 
acetone  system  to  prove  that  the  formation  of  phenols  from  alcohols  and  ketones  involves  a  pieliminary 
stage  in  which  the  alcohols  are  dehydrogenated  to  aldehydes. 

The  AljOj-f  ejOj  catalyst  was  prepared  as  described  in  our  preceding  report  [2],  its  activity  beii^ 
tested  by  producing  phenols  from  a  mixture  of  ethyl  alcohol  and  acetone.  The  phenol  yield  was  Q’lo.  A 
mixture  of  acetaldehyde  and  acetone  was  passed  over  this  catalyst  under  varying  conditions  and  the  per¬ 
centage  of  phenols  in  the  condensate  was  determined.  As  in  our  previous  reseai'ches,  the  optrmunni  tempera¬ 
ture  was  found  to  be  400-410*,  as  indicated  by  the  following  figures? 


Temperature .  380-390*  390-400*  400  ^iO^  410  420° 

Pei  cent  of  phenols .  4.4S  5.42  9.4  7.47 


The  optimum  volumetric  rate  was  found  to  be  31-33.  The  activity  bl  'ji.e  catalyst  d'opped  appreciably 
after  2  hours  of  operation,  but  was  restored  in  full  after  oxygen  had  been  blown  .brough  at  450-500®.  The 
deactivation  of  the  catalyst  is  caused  by  the  deposition  of  tarry  films  on  the  contact  surface.  Tr  e  gain  in 
weight  totaled  2.5&^  of  the  catalyst's  weight  after  2  hours  of  opeiation,  or  9.5*^  of  the  mixture  ‘hi-oughout. 

The  mixture  of  acetaldehyde  and  acetone  yields  nearly  twice  as  much  of  the  pheno^.s  as  the  mix  ure  of  ethyl 
alcohol  and  acetone  (9.5  and  5.1<|^,  respectively). 

The  condensates  constituted  a  two-layer  liquid,  consisting  of  an  oily  anfl  an  aqueous  layer.  The  phen¬ 
ols  were  extracted  by  processing  the  condensate  twice  with  KFJb  NaOH;  after  which  the  alkaline  solution  was 
separated  from  the  oil  and  acidulated  with  1^804.  Analyses  of  the  condensates  indicated  that  their  mean 
composition  is  as  follows:  9.5*51)  phenols,  33.2*5!)  neutral  oil,  39.4^  unieacted  mixture,  and  15.3<54»  water.  The 
phenols  are  probably  formed  only  via  the  joint  condensation  of  acetaldehyde  and  acetone,  inasmuch  as  neither 
the  aldehyde  nor  the  acetone  by  itself  yields  phenols,  as  has  been  proved  by  special  :ests.  The  nighest  phenol 
yield  is  attained  with  an  equimolecular  mixture  of  the  reagents  (1:1). 

Analysis  of  the  phenolic  oil  indicated  that  its  principal  constituent  was  3,5  d^methylphenol.  We  also 
found  a  slight  percentage  of  ethylphenol.  The  ixoduction  of  the  former  bears  out  our  hypothesis  that  the  conden¬ 
sation  involves  the  intermediate  formatlan  of  6-diketones  as  follows: 


CHjCOCHj  +  HOC  -CHj  -►CH^OCHjCHOHCHs 
CHjCOCH^HOHCHj-wCH^OCHtCOCHg  +  2H 


3,5  Dimethylphenol 
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The  higher  fractions  of  the  phenolic  oil  constituted  complex  mixtures  of  high-molecular  phenols; 
we  were  unable  to  separate  them  or  to  identify  the  individual  phenols  by  existing  methods. 

The  neutral  part  of  the  oil,  which  was  insoluble  in  alkali,  distilled  continuously  in  the  50-250*  range. 

The  residue  was  a  black  resin  (307oof  the  oil).  The  composition  of  the  resin  was  determined  by  destructive 
distillation  [3J.  Analysis  of  the  decomposition  products  indicated  that  the  resin  contains  condensed  phenols 
and  aldehyde,  i.e.,  its  composition  is  close  to  that  of  Bakelite,  Treating  the  phenols  obtained  by  destruc¬ 
tively  distilling  the  resm  with  chloroacetic  acid  in  the  presence  of  NaOH  yielded  a  mixture  of  aryl  glycolic 
acids  with  a  broad  melting  point  (in  the  neighborhood  of  11*).  These  results  indicate  that  the  condensation 
of  aldehyde  with  acetone  goes  much  deeper  than  we  had  supposed.  The  formation  of  individual  phenols 
from  the  acetaldehyde  and  the  acetone  is  paralleled  by  a  more  thoroughgoing  condensation  of  the  aldehyde  with 
the  syndiesized  phenols,  yielding  phenolic-aldehydic  resins.  Thus,  the  phenolic  oil  consists  of  only  that  part 
of  the  total  phenols  secured  from  the  aldehyde  and  the  acetone  which  did  not  enter  into  further  condensation. 

A  very  rough  calculation  Indicates  that  25-30^oof  phenols  are  produced  per  single  pass. 

The  fraction  with  a  b.p.  of  50-250*  was  fractionated  into  a  Todd  column,  yielding  a  series  of  frac¬ 
tions,  the  investigation  of  these  fractions  and  the  isolation  of  individual  products  from  them  being  greatly 
hampered  by  the  fact  that  secondary  dehydration  and  polymerization  reactions  in  the  flask  accompanied 
the  fractionations.  We  found  that  all  the  fractions  contained  ketones,  though  only  methyl  ethyl  ketone  could 
be  isolated  aixl  identified.  Unreacted  acetaldehyde  and  acetone  were  recovered  from  the  neutral  aqueous 
layer. 


EXPERIMENTAL 

The  experiments  on  the  condensation  of  acetaldehyde  with  acetone  were  performed  in  the  usual 
catalytic  apparatus,  using  a  tubular  electric  furnace  (24  cm  platform).  The  temperature  was  measured  with 
an  iron-constantan  thermocouple  placed  in  the  caulyst  zone.  The  AljOj-f  ej03  catalyst  was  prepared  by 
introducing  the  calculated  quantity  of  AljOs.  with  stirring,  into  ferric  nitrate  that  had  been  fused  in  its  own 
water  of  crystallization.  The  resultant  mixture  was  stirred  to  a  thick  paste  with  a  5%  solution  of  starch  and 
dried  for  half  an  hour  at  70-80*,  after  which  it  was  formed  into  coils  (2  mm),  which  were  dried  out  at  100*. 
After  the  catalyst  had  been  placed  in  the  reaction  tube  it  was  exposed  to  a  strong  cunent  of  air  at  450-500* 
until  no  more  nitrogen  oxides  were  evolved.  In  every  run,  a  mixture  of  acetaldehyde  and  acetone  was  passed 
over  100  ml  of  catalyst  at  a  volumetric  rate  of  31-33.  The  optimum  reaction  temperature  was  400-410*. 
Ninety  runs  were  made  to  accumulate  a  large  enough  amount  of  the  condensate. 

The  resulting  two-layer  condensate  was  first  distilled  to  drive  off  the  fraction  up  to  60*,  which  con¬ 
tained  most  of  the  unreacted  aldehyde  and  acetone,  after  which  the  contents  of  the  reaction  flask  separated 
into  two  layers:  the  upper  one  a  dark  oil  and  the  lower  one  a  light-yellow  aqueous  layer  with  a  slightly  acid 
reaction.  The  aqueous  layer  distilled  at  100*, leaving  practically  no  residue.  It  •  was  neatly  pure 

water.  The  oily  layer  contained  no  acids.  Its  phenols  were  extracted  by  agitating  it  twice  with  lO^o  NaOH. 
The  phenolate  so  lution  was  washed  with  ether  to  free  it  of  the  partially  extracted  drops  of  neutral  oil  and 
then  decomposed  with  10%  HJSO4.  The  resulting  phenols  were  extracted  with  ether,  dried,  and  weighed  after 
the  ether  had  been  driven  off.  The  neutral  part  of  the  oil  was  given  the  same  treatment  after  the  phenols 
had  been  eliminated.  A  flow-sheet  test,  with  analysis  of  the  condensate,  yielded  the  following  results: 


Mixture  throughput . . .  12.5  g 

Condensate  secared  . '. .  11.0  g 

Volume  of  gas  evolved .  660  ml 

Weight  of  carbon  on  the  catalyst .  1,2  g 

Weight  of  aldehyde  m  trap .  0.01  g 


Analysis  of  the  phenolic  oil.  The  phenolic  oil  was  fractionated,  yielding  the  following  narrow  frac¬ 
tions:  1)  177-192*,  0.2  g;  2)  192-196*  ,  1.3  g;  3)  198-^02*,  1.5  g;  4)  203-210*,  2.8  g;  5)  211-214*,  2.8  g; 

6)  215-220*,  2.9  g;  and  7)  221-226*,  2.1  g.  The  residue,  with  a  b.p.  about  226*  (27%)  constituted  a  complex 
mixture  of  higher  phenols  and  was  not  analyzed  further.  All  the  fractions  were  analyzed  by  the  Holzmann 
and  Pilat  method  of  preparing  aryl  glycol  acids  [4]  to  determine  the  percentages  of  the  individual  phenols 
they  contamed;  part  of  the  tested  phenolic  fraction  was  mixed  with  an  equal  quantity  (by  weight)  of  NaOH, 
ground  to  fine  powder,  a  few  drops  of  water  were  added,  and  the  mixture  was  stirred  until  a  phenolate  was 
formed,  after  which  it  was  vigorously  stirred  while  an  equal  quantity  by  weight  of  monochloroacetic  acid  was 
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added.  The  reaction  was  carried  out  in  the  cold,  giving  rise  to  foaming  and  the  liberation  of  heat.  The  re¬ 
sultant  melt  was  dissolved  in  hot  water,  the  aryl  glycolic  acids  being  extracted  by  adding  HCl  and  extracting 
with  ether.  The  ether  extract  was  treated  with  a  soda  solution  to  eliminate  the  unieacted  phenol.  Acidulat¬ 
ing  the  soda  extract  precipitated  an  aryl  glycolic  acid,  which  was  recrystallized  from  water.  In  this  manner 
Fraction  2,  with  a  b.p.  of  192-196*,  yielded  an  aryl  glycolic  acid  with  an  m.p.  of  80.5-81.5*,  which  was 
3, 5-dime  thy  Iphenoxyacetic  acid  (m.p.  of  81*,  according  to  the  literature).  The  same  acid  was  secured  horn 
the  198-202*  and  211-214*  fractions.  The  mixed  melting  points  of  these  acids  with  one  another  exhibited  no 
depression,  which  was  evidence  of  their  identity.  The  molecular  weight  was  determined  by  titration  with 
alkali. 


Found  <Ji»?  C  66.34,  66.53?  H  6.83,  6.92;  M  179,  179.4.  CuH^O,.  Calculated  C  66.66;  H  6.7;  M  180. 

The  215-230*  fraction  yielded  an  aryl  glycolic  acid  with  a  broad  melting  point,  which  constituted  a 
mixture  of  two  acids,  which  were  separated  by  fractional  crystallization  from  water.  One  of  them  was  3,5- 
dimethylphenoxy acetic  acid  (m.p.  79-80.5)  while  the  other  was  p-ethylphenoxyacetic  acid  (m.p.  96-07*;  the 
m.p.  given  in  the  literature  is  96-97*).  The  molecular  weight  of  the  latter  was  determined  as  177  (the  cal¬ 
culated  value  being  179).  The  203-210*  and  221-226*  fractions  yielded  a  complex  mixture  of  aryl  glycolic 
acids,  from  which  we  were  unable  to  isolate  individual  acids.  Analogous  results  were  obtained  when  twice 
and  three  times  the  quantities  of  alkali  and  monochloroacetic  acids  were  employed. 

The  neutral  part  of  the  oil,  separated  from  the  phenols,  was  driven  off  at  50-250*,  leaving  a  tacky 
black  resin  that  solidified  upon  cooling  {ZOPjo  of  the  initial  o.U)  within  the  distilling  flask.  The  distillation 
product  was  carefully  fractionated  into  a  Todd  flask,  yielding  13  fractions,  which  were  analyzed  individually. 
All  the  fractions  contained  ketones,  the  fractions  that  boiled  above  90*  constituting  complicated  mixtures, 
from  which  no  individual  component  could  be  isolated.  The  lower  fractioiu  conulned  89-96^  of  unreacted 
acetone.  The  latter  was  determined  as  a  p-nitrophenylhydrazone  with  an  m.p.  of  146-147*.  The  78-62* 
fraction  was  found  to  contatji  methyl  ethyl  ketone,  as  was  proved  by  securing  thep^trophenylhydrazone 
with  an  m.p.  of  126-127*.  The  latter  exhibited  no  depaession  of  the  melting  point  when  mixed  with  the 
p-nitrophenylhydrazone  secured  from  known  methyl  ethyl  ketone.  The  semicarbazone  of  methyl  ethyl 
ketone,  which  had  an  m.p.  of  134“136°  (the  Uterature  gives  136*),  was  secured  and  tested  in  a  similar 
manner. 


Found  N  32.88,  32.74;  CgH^NaO.  Calculated  N  32.53. 

The  resm  left  within  the  flask  afte'  the  neuttal  oil  had  been  driven  off  up  to  250*  was  subjected 
to  dry  distHladon,  the  resulting  liquid  products  being  analyzed  qualitatively.  They  exhibited  a  positive 
silver  mirror  reaction  (acetaldehyde).  The  phenolic  constituents  were  determined  by  producing  a  mixture 
of  aryl  glycolic  acids,  which  we  were  unable  to  separate  into  the  individual  components. 

SUMMARY 

1.  Condensing  acetaldehyde  with  acetone  over  an  AljOj-FejOj  catalyst  at  400-410*  yields  a 
condensate  that  contains  9.5^51}  of  phenols,  of  which  3, 5-dimethy] phenol  and  ethylphenol  were  identified. 

2.  The  neutral  oil  left  behind  after  the  phenols  had  been  isolated  consists  of  acetone,  methyl  ethyl 
ketone,  and  a  complex  mixture  of  higher  ketones. 

3.  After  the  neutral  oil  has  been  driven  off  up  to  250'",  there  is  left  behind  In  a  flask  30*70  of  a  black 
resin  of  the  Bakelite  type,  containing  aldehyde  and  phenols.  A  preliminary  estimate  is  that  25-30*7»  of  phenols 
are  produced  per  single  pass  from  acetaldehyde  and  acetone. 
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SYNTHESIS  OF  1 , 1 .  l*TRICHLORO  “P ,  p  ’ -DI AMINODIPHEN  YLETH  ANE  AND  ITS  DERIVATIVES 


I.  Kh,  Feldman  and  A.  I.  Zltser 


In  1944  the  hypothesis  was  put  forward  In  the  literature  [1]  that  the  amino  analog  of  the  well-knoum 
insecticide  dichlceodiphenyltrichloroethane  (DDT)— l,l,l“trlchloro-2,P*-diaminodlphenylethane  (in)-mlght 
be  active  against  tuberculosis  bacilli.  Attempts  were  then  made  to  synthesize  this  compound,  but,  to  judge 
from  the  published  findings,^  only  Kirkwood  and  Phillips  [2]  succeeded  in  isolating  the  diamine  (m)  in  the  in¬ 
dividual  state.  The  same  authors  state  that  the  diamine  (in)  synthesized  by  them  and  its  unsaturated  com¬ 
pound  l,l-dtchloro-2.p’*diaminodiphenylethylene(V)  retard  the  growth  of  tuberculosis  bacilli  in  vitro  in  a 
1:100,000  dilution.  They  also  reported  that  the  compound  (HI)  exhibited  a  perceptible  effect  upon  experi- 
menul  tuberculosis  in  guinea  pigs. 

We  repeated  the  synthesis  of  these  compounds  as  follows: 


in  order  to  make  a  study  of  the  chemotherapeutic  properties  of  the  above-mentioned  compounds. 

Condensing  chloral  with  benzene,  as  indicated  by  Baeyer  [3],  results  in  a  nearly  quantitative  yield  of 
l,l,l-trichloro-2,2-diphenylethane  [1],  whose  m.p.  was  62-64*  after  crystallization  from  alcohol.  When  we  re¬ 
peated  the  nitration  reaction  under  exactly  the  same  conditions  as  those  described  by  Kirkwood  and  Phillip, 
viz,  nitrating  with  nitric  acid  (^=1.5)  at  30*  and  stirring  for  4  hours  at  room  temperature,  we  did  not  secure 
a  63<^  yield  of  the  recrystallized  product  with  an  m.p.  of  166-167*,  as  stated  by  the  authors.  We  obtained  only 
a  25-26^  yield  of  the  nitro  compound  (11)  with  the  stated  m  eltlng  point  after  two  or  three  recrysuUizatlons 
from  glacial  acetic  acid.  Nor  did  the  carrying  out  of  the  reaction  as  specified  by  Haskelberg  and-  Lavie  [41 
who  performed  nitration  at  -30*.  increase  the  yield  of  the  pure  product. 

We  have  worked  out  a  nitration  method  that  furnishes  a  40-43<^  yield  of  the  pure  recrystallized  nitro 
compound  with  a  m.p.  of  166-167*.  Nitration  is  carried  out  in  chloroform  by  a  mixture  of  nitric  acid  (^s  1,5) 
or  sulfuric  acid  (d=i.84)  and  solid  potassium  nitrate. 

Reducing  the  nitro  compound  (ll)  with  Raney’s  mckel  in  glacial  acetic  acid  at  a  pressure  of  4  atmos¬ 
pheres  yields  an  amino  compound,  the  m.p.  ot  which  was  149-150*  after  purification.  The  subsunce  is  dark¬ 
ened  when  it  is  recrystallized  horn  alcohol,  its  melting  point  dropping.  The  yield  of  the  recrystallized  po- 
duct  is  very  low.  We  secured  a  pure  product,  with  a  fully  satisfactory  analysis,  by  double  reprecipitation 
of  the  amine  horn  its  hydiochloride.  The  amine  thus  purified  has  been  kept  for  several  months  in  a  closed 
container  without  suffering  any  change  in  its  melting  poin:  or  its  bhlorine  content.  It  is  worthy  of  note  that 
reduction  was  slow  when  it  was  carried  out  in  acetic  acid  that  contained  a  slight  trace  of  acetic  anhydride, 
and  that,  instead  of  the  amine  (III)  we  obwined  nothing  bur  its  acetyl  derivative— 1,1,  l-trlchloro-bis-(p^ 
acetylaminophenyl)-«thane,  with  an  m.p.  of  258-259*,  which  was  identical  with  the  compound  produced  by 
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acetylating  the  amine  (III)  with  acetic  anhydride  in  pyridine. 


Eliminatmg  the  HCl  from  the  nitio  compound  (H)  by  the  use  of  alcoholic  alkali  results  in  the  synthesis 
of  1,1-dichloro-b is -(p-nitrophenyl) -ethylene  (lY)  with  an  m.p.  of  172-173*. 

The  reduction  of  (IV)  to  an  amine  is  effected  quite  smoothly  by  using  Raney's  nickel  in  glacial  acetic 
acid  at  normal  pressure.  The  melting  point  of  the  amine  is  144-145*.  Here,  too,  when  we  use  acetic  acid  that 
contains  some  acetic  anhydride,  we  get  nothing  but  l,l-dichloro-t)iS“(p-acetylaminophenyl)-ethylene,  with  an 
m.p.  of  294-296*,  identical  with  that  obtained  when  we  acetylated  the  unsaturated  amine. 

We  also  reduced  the  nitro  compounds  (II)  and  (IV)  with  stannous  chloride  and  hydrochloric  acid.  The 
yield  of  the  amine  (HI),  with  an  m.p.  of  149-150*,  rose  to  90^  of  the  theoretical  under  these  conditions.  The 
amines  synthesized  by  catalytic  reduction  and  by  reduction  with  stannous  chloride  were  completely  identical. 
When  we  reduced  the  nitro  compound  (IV)  by  this  method,  we  secured  the  amine  (V)  with  an  m.p.  of  144-145*, 
its  yield  being  90^  of  the  theoretical,  which  was  identical  with  the  product  obtained  catalytically. 


Tests  of  the  action  of  Compounds  (HI)  and  (V)  against  tuberculosis  bacilli,  made  in  the  Division  of 
Chemotherapy  of  our  Institute  by  O.A.  Makeeva ,  did  not  confirm  the  findings  of  Xirkwood  and  Phillips, 
however.  These  substances  produced  only  negligible  retardation  of  the  growth  of  tuberculosis  bacilli  in  vitro. 
This  circumstance  forced  tu  to  repeat  the  proof  of  the  structure  of  the  compounds  we  had  synthesized  as  fol¬ 
lows: 


0,N<^  ^-CH-<^  ^  NO^  C)^N<^ 

(IV) 


(U) 


(m.p.  118-189*) 


(m.p.  240-241*) 


HjCOCKN 


NHCOCH, 


(m.p.  236-237*) 

It  was  thus  established  that  the  compound  (II)  has  the  structure  of  p,p'-dinitrodiphenyldichloroethylene. 

To  prove  that  no  rearrangements  such  as  are  known  in  this  series  take  place  during  reduction,  we  per¬ 
formed  the  following  series  of  transformations: 


(m.p.  294-296*) 

- ►  HjCOCHN  O  -CO  KI>  NHCOCH, 

(m.p.  236-237*) 

All  these  melting  points  agree  with  the  figures  given  in  the  literature. 

It  may  therefore  be  taken  as  proven  that  the  compound  (HI)  we  have  synthesized  is  1,1,1-trichlQrO' 
2 ,2-bis-(p-aminophenyl)-ethane. 
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We  then  obtained  the  products  of  the  condensation  of  the  amines  (HI)  and  (V)  with  aldehydes.  In  these 
condensations  we  used  salicylaldehyde,  cotarnine,  phthalaldehydic  acid,  and  opianic  acid. 


Oi^tho  aldehydic  acids  can  react  with  amines  in  the  aldehydic  form  or  in  the  tautomeric  phthalidic  form. 
Depending  upon  the  form  in  which  these  acids  react  with  the  amines,  the  compounds  synthesized  by  us  will 
have  either  the  azomethine  structure  (VI)  or  the  phthalide  structure  (VII): 

COOH 


H,N 


Cls 

H- 


NH,  +  20HC- 


If  the  synthesized  substances  have  the  structure  (VI),  they  contain  an  open  carboxyl  group,  whereas  if 
their  stmcture  is  that  of  (VH),  they  possess  the  closed  phthalide  group,  , 


To  ascertain  the  structure  of  the  compounds  we  had  synthesized  from  phthalaldehydic  and  opianic  acids, 
we  investigated  their  behavior  in  solutions  of  alkali,  soda  and  bicarbonate.  When  the  soda  solution  is  allowed 
to  stand,  part  of  the  substance  dissolves  gradually.  The  substance  recovered  from  the  alkali  or  soda  solution  (by 
neutralization  with  acetic  acid)  dissolves  immediately  m  a  5^  bicarbonate  solution  and  has  a  different  melting 
point  from  that  of  the  initial  substance.  On  the  basis  of  these  properties,  we  believe  that  the  compounds  we  have 
synthesized  have  the  phthalide  structure  (VH),  whereas  the  substances  isolated  ftom  the  alkali  and  soda  solu¬ 
tions  have  the  azomethine  structure  (VI),  Thi,s  is  in  complete  agreement  with  the  assertion  of  M.  M.  Shemyakin  [5], 
that  phthalaldehydic  and  opianic  acids  possess  the  phthalide  structure  in  the  solid  state,  while  in  the  aldehydic 
form  they  react  solely  in  a  medium  that  promotes  ionization.  In  view  of  the  fact  that  we  carried  out  the  reac¬ 
tion  in  ethyl  acetate,  a  medium  in  which  no  iomzation  rakes  place,  it  is  most  probable  that  compounds  of  phtha: 
lide  structure  are  formed. 


We  also  condensed  the  amine  (III)  with  p-acetyiaminophenyl  sulfochloride. 

We  prepared  the  aldehyde  bisulfite  derivatives  of  the  amines  (III)  and  (V)  in  order  to  synthesize  com¬ 
pounds  that  were  water-soluble. 


The  compounds  we  have  synthesized  are  listed  in  the  following  table. 


EXPERIMENTAL 

1,1,  l"Trichloro-bis-(p-hitrophenyl)  -ethane  (H).  40  grams  of  1,1,1-trichlorodiphenylethane,  m.p,  62 -€4*, 
prepared  by  condensing  chloral  wi.th  benzene  by  means  of  sulfuric  acid  (d=  1.84),  was  dissolved  in  120  ml  of 
chloroform.  The  solution  was  chilled  to  from  -10  to  -5*  and  thoroughly  stirred  and  chilled  while  a  mixture 
consisting  of  160  mi  of  nitric  acid  (d=  1.5)  and  40  mi  of  sulfuric  acid  (d=1.84)  was  slowly  added.  The  acids 
were  added  at  a  temperature  that  did  not  exceed  0*.  Then  stirring  was  continued  at  room  temperature  for 
another  4  hours.  The  chloroform  solution  was  removed,  washed  with  water,  and  dried  over  calcium  chloride. 
When  the  chlcffoform  was  driven  off  in  vacuo,  a  viscous  oil  was  left  behind,  which  crystallized  when  a  ^all 
amoimt  of  ether  was  added.  The  ether  was  filtered  out,  and  the  mass  rewashed  with  ether,  yielding  24-25  g 
of  a  substance.  Crystallization  of  the  latter  from  glactel  acetre  acj.d  yielded  21-22  g  of  a  substance  with  an 
m.p.  of  164-165*,  representing  40-42^o  of  the  theoretical  yield.'  Recrystallization  raised  the  melting  point  to 
165-16r.' 

When  200  ml  of  sulfuric  acid  (d=lo84)  and  40  g  of  potassium  nitrate  were  added  to  a  chloroform  solu¬ 
tion  of  1,1,1-trichlorodlphenyleThane,  the  reaction  resulted  in  the  same  yield,  but  one  crystallization  sufficed 
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to  secure  a  pure  substance  with  an  m.p.  of  166-167*. 


TABLE 


Compounds  synthesized  from  the  amine  (ID) 


Compounds  synthesized  from  the  amine  (V) 


CCl, 


R  =N<^  ^^>-CH-<^  =E 


where  R: 


where  R; 


4)  H^O< 


:h- 


H5CO  o=i— i 

5)  NaOjS-CHj- 

6)  CHjOH(CHOH)4-CH- 

SOjNa 

7) HN— ^SOj- 

COCHj 


_  cell _ 


where  R; 


8) 


R-HN 


OH 


CCl, 


NH-R 


9) 


where  R: 
H- 


0»=C 


li 


10)  HjCO- 


:h- 


HjCd  o=c — o 

11)  NaOiS-CH,- 

12)  CHiOH(CHOH)4-CH- 

SOjNa 


1 , 1,  l-TrichlorO“bls-<p-aminophenyl)"ethane  (HI)  The  l,l,l-trichloro-bis-(p-nitrophenyl)-ethane  (11) 
was  reduced  catalytically  as  described  in  the  literature  [2].  The  product  was  reprecipitated  twice  from  its 
hydrochloride,  its  m.p,  being  149-150*.  The  yield  was  bQP]o  of  the  theoretical. 


The  1,1, l-trichloro-bisi-(p^iitrophenyl) -ethane  was  reduced  by  stannous  chloride  and  hydrochloric 
acid  in  alcoholic  solution,  as  described  [4].  The  reduction  i^oduct  was  secured  by  diluting  the  reaction  mass 
with  water,  neutralizing  it  with  sodium  acetate,  and  then  extracting  it  with  water.  Difficulties  were  involved 
in  this  operation,  inasmuch  as  vigorous  agitation  produced  a  stable  emulsion.  Only  by  means  of  slow  and 
careful  agitation,  using  large  quantities  of  ether,  were  we  able  to  extract  the  amine  completely.  The  ether 
solution  was  processed  with  dilute  hydrochloric  acid  (1:20).  The  acid  solution  was  fractionally  neutralized, 
a  saturated  solution  of  sodium  acetate  beii^  added  at  first  until  the  solution  turned  turbid,  the  precipitate 
thrown  down  being  filtered  out,  and  then  more  acetate  being  added  until  precipitation  was  complete.  The 
resultant  subsunce  was  dissolved  in  dilate  hydrochloric  acid  and  precipitated  with  sodium  acetate.  This 
yielded  a  substance  with  an  m.p.  of  149-151*,  the  yield  being  90%.  The  amines  synthesized  by  the  two 
procedures  were  wholly  identical  and  their  mixed  melting  point  exhibited  no  depression. 


Found  <7o:  C  53.17;  H  4.32;  N  9.02;  Cl  33.47.  Calculated  <7o:  C  53.33;  H  4.12; 

N  8.88;  Cl  33.80. 

l,l.l*Trichloro-bis-(p-acetoaminophenyl)  erhane.  When  l,l,l-trichloro-bis-(p-nitrophenyl)-ethane 
was  catalytically  reduced  in  acetic  acid  that  contained  a  small  percentage  of  acetic  anhydride  (b.p.  118- 
119"),  and  the  product  was  neutralized,  we  obtained  a  substance  that  was  insoluble  in  ether.  The  m.p.  of 
the  substance  was  258-259*  after  crystallization  from  glacial  acetic  acid.  When  l,l,l-trichloro-bis-(p- 
aminophenyl)-ethane  (HI)  was  acetylated  with  a  mixture  of  acetic  acid  and  acetic  anhydride  in  pyridine, 
we  obtained  a  substance  with  the  same  melting  point  (Instead  of  275*  [2]  and  245-250*  [4]). 

Condensing  l,l,l4Tichlo’ro-p,p*-diaminodiphenylethane  (HI)  with  aldehydes.  The  condensation  pro¬ 
ducts  of  the  diamine  (HI)  with  aldehydes  that  are  listed  in  the  table  were  synthesized.  The  general  pro¬ 
cedure  utilized  in  their  synthesis  was  as  follows;  a  mixture  of  equimolar  solutions  of  the  diamine  and  the 
aldehyde  in  ethyl  acetate  were  heated  to  65-70*  for  2-3  hours.  After  the  solution  had  cooled,  a  Schiff 
base  slowly  crystallized  out.  The  yield  was  80-90^o  of  the  theoretical. 

As  a  rule,  recrystallization  lowered  the  melting  points  of  the  substance  synthesized,  so  that  we 
purified  them  by  washing  the  synthesized  compounds  with  alcohol,  acetone,  and  ether. 

1 . 1,  l"Trichloro-bis-^,p*-(salicylideneaminophenyl)-e thane  was  synthesized  from  1  mole  of  1,1,1- 
trichloro-bis-^-aminophenyl)-ethane  (HI)  and  2  moles  of  salicylaldehyde,  the  yield  being  75-80^.  This  yield¬ 
ed  orange-yellow  crystals  with  an  m.p.  of  185.5-186*.  They  were  insoluble  in  water,  sparii^ly  soluble 

in  alcohol  and  in  ethyl  acetate,  and  freely  soluble  in  chloroform.  They  were  purified  by  waslung  with 
alcohol  and  with  ethyl  acetate. 

Found  <7o;  N  5,50;  Cl  20.47.  CuHaiNjClgOj.  Calculated  <7o;  N  5.36;  Cl  20.47. 

1.1.1- Trichloro-bis-p,ii-(phthalidylaminophenyl)"ethane  was  synthesized  by  pouring  together  a 
solution  of  l,l,H:richloro*bis-(p-aminophenyl)-ethane  (HI)  (1  mole)  in  ethyl  acetate  and  a  solution  of 
phthalaldehydic  acid  (2  moles)  in  the  same  solvent.  An  abundant  white  precipitate  settled  out  after 
20-30  minutes  of  heating  on  a  water  bath.  The  yield  was  quantiiative.  and  the  m.p.  228-230*. 

Found  N  4.84;  Cl  18.36.  CsoH2iN2Cl504.  Calculated  N  4.83;  Cl  18.38. 

The  synthesized  substance  was  insoluble  in  water  or  bicarbonate,  sparingly  soluble  in  alcohol,  acetone, 
ethyl  acetate,  and  soda,  and  soluble  in  alkali.  The  substance  was  soluble  in  bicarbonate  after  being  precipi¬ 
tated  from  an  alkaline  solution  by  acetic  acid. 

1.1.1- Trichloro  bis-p,p‘"(meconylaminophenyl) -ethane.  When  a  benzene  solution  of  1  mole  of  1,1,1- 
trichloro-biS“(p-aminophenyl)-ethane  (fli)  was  heated  with  1  mole  of  opianic  acid  to  79-60*  and  then  part  of 
the  benzene  was  driven  off,  a  white  powder  was  precipitated  quantitatively,  whose  m.p.  was  229-230*  after 
washing  with  benzene,  acetone,  and  ether. 

Found  ojox  N  3.95-  Cl  14.62,  Cs^HjgNjOaCls.  Calculated  <7o:  N  4.00;  Cl  15.23. 

The  substance  was  insoluble  in  water,  acetone,  alcohol,  ether,  benzene  and  soda,  and  soluble  in 
alkali.  The  substance  just  precipitated  by  acetic  acid  from  an  alkali  solution  and  washed  with  water  dis¬ 
solved  in  bicarbonate. 

1 . 1.  l"Trichloro-bis-p,p°-<corarnylideneaminophenyl)  -ethane  was  synthesized  by  stirrmg  a  mixture 
of  1  mole  of  1,  l,l-trichloro-bis-(P“aminophenyl)-ethane  (HI)  and  2  moles  of  cotarnine  in  ethyl  acetate 
for  3-4  hours  at  room  temperature  and  then  allowing  the  solution  to  stand  for  12-14  hours.  A  slightly 
pinkish  powder  was  produced,  its  yield  being  almost  quantitative.  The  substance  was  freely  soluble  in 
chloroform,  though  insoluble  in  water,  alcohol,  acetone,  ether,  benzene,  and  toluene.  It  was  washed 
with  alcohol  and  ether;  its  m.p.  was  145.5-146*. 

Found  °]ot  N  7.22;  Cl  13.86,  C38H,9N40gGls.  Calculated  °]o:  N  7.43;  Cl  14.13, 

1.1.1- Trichloro-bi!j:-p,p*  -(sodrum  salt  of  formaldehyde  btsulfite-aminophenyl)-€thane.  This  reaction 
took  place  in  two  stages ,  as  follows? 
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1)  CH,0 NaHSOj-^  CH, 


t 

'^0,Na. 


2  ml  of  a  Zl.^Pjo  lolutlon  of  bisulfite  and  0.6  ml  of  ZT]o  formalin  were  placed  in  a  three-necked  flask 
fitted  with  a  stirrer  and  heated  on  a  water  bath.  Five  to  ten  minutes  later,  after  the  absence  of  any  excew 
formalin  had  been  established  by  means  of  aniline  water,  a  solution  of  1  g  of  l,l,l-trlchloro-bis-(p-amino- 
phenyl) ■ethane  (HI)  in  15  ml  of  alcohol  was  added,  with  stining,  to  the  flask,  which  was  kept  at  50-60*. 
Stirring  was  continued  at  60-65*  for  3  hours.  Then  the  solution  was  decanted  from  the  slight  precipitate. 

When  the  solution  was  left  to  stand,  crystals  settled,  which  were  filtered  out  and  washed  with  alcohol.  This 
yielded'  1.2  g  of  a  substance,  its  yield  being  approximately  Iffijo.  The  substance  conuined  2  molecules  of 
water  of  crystallization. 

Found  °loi  N  7.90;  S  10.84.  C)«H0O«N|S^l|Nat  *  Calculated  N  7.92;  S  10.90. 

The  substance  was  soluble  in  water,  producing  a  tramparent,  slightly  yellow  solution.  The  aqueous 
solution  is  partially  hydrolyzed  when  it  is  allowed  to  stand  for  a  few  hours  in  the  cold,  a  precipitate  settling 
out. 

1.1.1- Tilchloto-bis-i),p*^<sodium  wit  of  glucose  sulfonateiemlnophenyl)-ethane.  This  was  synthesized 
by  adding  5.6  g  of  bisulfite  (15  ml  of  a  37.8'^  solution)  and  6  ml  of  water  to  3.6  g  of  glucose.  The  resulting 
transparent  solution  was  heated  to  65-^0*  and  stirred  while  a  solution  of  3.2  g  of  l,l,l-trlchloro-bls-(2- 
nittophenyl)-ethane  (£[)  in  50  ml  of  alcohol  was  added.  Stirring  and  h  eating  were  contiiuied  for  4  hours.  As 
the  mixture  cooled  ,  a  large  quantity  of  an  oily  product  settled  to  the  bottom  of  the  flask;  it  yielded  a  cream- 
colored  powder  when  treated  with  absolute  alcohol.  The  powder  was  suction-filtered,  and  50  ml  of  absolute 
alcohol  was  added  to  the  lUtrate,  yielding  a  little  more  of  the  same  product.  This  yielded  a  total  of  4.5  g 

of  dry  cream-colored  powder.  The  yield  was  bOPJo  of  the  theoretical.  The  subsunce  was  freely  soluble  in 
water.  Concentrated  aqueous  solutions  of  the  substance  are  faintly  yellowish,  while  dilute  solutions  are 
absolutely  colorleu.  The  aqueous  solution  is  unsuble,  hydrolyzing  upon  standing. 

Found  S  6.99;  Na  5.25.  C,eH0OieN|Cl,S,Na,  •  2H,0.  Calculated  S  7.24;  Na  5.21. 

1 . 1. 1- Trtchloro-bis-p, p'-(*cetaminophenylsulfonamidophenyl)-e thane.  3  grams  of  p-acetylamino- 
phenyl  sulfochloride  was  gradually  added  at  0-2*.  with  constant  stirring,  to  a  solution  of  2  g  of  1,1,1-trlchloro- 
bis-(p-amlnophenyl)-cthane  (HI)  in  10  ml  of  pyridine.  After  addition  was  complete,  the  reaction  mass  was 
heated  to  40-45*  for  3  hours,  with  stirring,  and  then  allowed  to  stand  overnight.  The  next  morning  the  re¬ 
sultant  solution  was  poured  drop  by  drop,  with  stirring,  into  1  liter  of  a  2<;ib  solution  of  hydrochloric  acid, 

a  flocculent  pink  precipitate  (4  g)  settling  out.  The  substance  was  recrysuUized  &om  50^  alcohol,  after 
which  its  m.p.  was  223-22'f  (with  decomposition).  The  substance  was  insoluble  in  water,  though  sparingly 
soluble  in  alcohol. 

Found  N  7.83;  S  9.05;  Cl  14.58.  C,,l%OgN^l,.  Calculated  <5b;  N  7.90;  S  9.03;  Cl  15.04. 

1.1- Dichloro-p,p'-bis-(nitroiAienyl)“ethylene  (IV)  was  synthesized  by  gradually  adding  0.6  g  of  finely 
powdered  potassium  hydroxide  to  a  suspension  of  2  g  of  dinitrodiphenyltrichloroethane  in  50  ml  of  alcohol  at 
room  temperature.  The  next  day  the  precipitate  was  filtered  out  and  washed  with  water.  Crystallization 
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from  glacial  acetic  acid  yielded  1.6  g  of  a  substance  with  an  m.p.  of  172-173*  (90^  of  the  theoretical  yield), 

l,H)ichloro-p,p*-bis-<aminophenyl)-ethylene  (V).  The  l,l-dichloro-p,p*-dinitrodiphenylethylene  (IV) 
was  readily  reduced  with  molecular  hydrogen  using  Raney's  nickel  in  glacial  acetic  acid  at  room  temperature 
and  atmospheric  pressure,  yielding  an  amme  with  an  m.p,  of  144-145*.  The  yield  was  80^  of  the  theoretical. 
The  reduction  of  l,l-dichloro^,p’-bis-(nitiophenyl)-ethylene  (IV)  with  stannous  chloride  and  hydrochloric  acid 
proceeded  like  the  reduction  of  the  l,ltl-trichloro45is-(nitrophenyl)-ethane  (II),  resulting  in  the  production  of 
dichloro^,p'-bis-(aminophenyl)-ethylene  (V)  with  an  m.p.  of  143-145*.  The  yield  was  90*^  of  the  theoretical. 
The  m.p.  of  the  amine  was  144.5-145*  after  recrystallization  from  dilute  alcohol. 

The  amines  produced  by  the  two  methods  —  catalytically  and  by  reduction  with  stannous  chloride  and 
hydrochloric  acid  -  were  entirely  alike,  nor  did  their  mixed  melting  point  exhibit  any  depression. 

1 . 1- Dichloro-bis-p,p*-(sallcylideneaminophenyl)-ethylene  was  synthesized  by  adding  0.9  g  of  salicyl  - 
aldehyde  to  a  solution  of  1  g  of  the  unsaturated  amine  (V)  in  20  ml  of  ethyl  acetate.  The  solution  was  heated 
to  65-70*  for  2  hours,  its  color  rapidly  turning  orange.  When  it  cooled  1.2  g  of  orange-colored  crystals  settled 
out.  Evaporation  of  the  filtrate  yielded  another  0.4  g  of  the  substance.  The  yield  of  the  pure  product  was  80^ 
of  the  theoretical.  The  substance  was  soluble  in  chloroforni,  sparingly  soluble  in  alcohol,  ethyl  acetate,  and 
ether,  and  insoluble  in  water.  Its  m.p.  was  191-193*  after  washing  with  alcohol  and  ether. 

Found  N  5.83;  Cl  14.60.  C,,I^,OitN,Cl,.  Calculated  <70;  N  5.76;  Cl  14.61. 

1 . 1- Dichloro-bis-p,p*-(phihalidylaminophenyl)-ethylene.  A  solution  of  1  g  of  phthalaldehydic  acid  in 
30  ml  of  ethyl  acetate  was  added  to  a  solution  of  1  g  of  l,l-dichloro-2.P'"biS'(aminophenyl)-ethylene  (V)  in 
10  ml  of  ethyl  acetate,  and  the  mixture  was  heated  to  60-65*  for  3  hours.  The  precipitated  substance  was 
dried  and  washed  with  ethyl  acetate,  alcohol,  and  ether,  after  which  its  m.p.  was  250-251*  (with  decomposi¬ 
tion).  The  yield  totaled  5  g  (OO'T'o  of  the  thetuetical). 

Found  N  5.28;  Cl  12.97.  Cs,l^j04N,Cl,.  Calculated  *7):  N  5.15;  Cl  13.07. 

The  subsunce  was  soluble  in  2°]o  alkali,  though  insoluble  in  15)b  bicarbonate.  The  substance  dissolved 
instantly  in  bicarbonate  after  it  had  been  precipitated  fr  om  an  alkali  solution  by  neutralization  with  acetic 
acid.  Its  m.p.  was  218-220*  (with  decomposition). 

1 . 1- Dichloro-bis-p,p*-bls-(meconylaminophenyl)-ethylene.  A  solution  of  1.5  g  of  opianic  acid  in  30  ml 
of  ethyl  acetate  was  added  to  a  solution  of  1  g  of  1,  l-dichloro^jP'-bis-(aminophenyl)-ethylene  (V)  in  30  ml  of 
ethyl  acetate,  and  the  resultant  solution  was  heated  to  65-70“  for  2  hours.  A  white  precipitate  was  thrown  down; 
it  was  filtered  out  and  washed  with  ethyl  acetate,  alcohol,  and  ether,  after  which  its  melting  point  was  219-221*. 
The  substance  was  soluble  in  alkali,  and  insoluble  in  bicarbonate. 

Found  <70:  N  4.32.  C34H2^iiN2Cl2o  Calculated^T) ;  N  4.22. 

1.1- Dichloro-bis-p,p'-(sodium  salt  of  formaldehyde  bisulfite-amlnophenyl)-ethylene  was  synthesized  like 
the  formaldehyde  bisulfite  derivative  of  l,l,l-trichloro-bis-(p-aminophenyl)-ethane  (HI)  at  70-75*,  the  yield 
being  80^o  of  the  theoretical.  The  substance  was  crystallized  from  80^o  alcohol.  Its  aqueous  solutions  are 
transparent  and  unstable  upon  standing.  The  substance  can  be  kept  for  2-3  weeks  in  a  dry,  closed,  dark  place, 
rapidly  darkening  and  decomposing  when  exposed  to  the  open;  it  contains  two  molecules  of  crystallization 
water. 


Found  <7o?  S  12.05;  Na  8,53,  CjgHj^OiN^laSjNaj  •  2HjO.  Calculated  <5;)."  S  11.72;  Na  8.42. 

l,l-Dichloro-bis^,p'-(sodium  salt  ot  glucosesulfonate-aminophenyl)-ethylene  was  synthesized  like  the 
glucoside  sulfonate  derivative  of  l,l,l-trichloro-bis-(p-aminophenyl)-ethane.  It  was  a  faintly  cream-colored 
powder  after  it  had  been  processed  with  absolute  alcohol.  The  yield  was  QQPio  of  the  theoretical.  The  sub¬ 
sunce  was  freely  soluble  in  water.  Concentrated  solutions  are  slightly  yellowish,  dilute  solutions  being  color¬ 
less.  Atjueous  solutions  are  unstable  when  stored. 

Found  <7,;  N  3.12;  S  7.63;  Na  5.45,  C^gHg^OigNtCljSjNa, •  211*0.  Calculated  ojv  N  3,30,  S  7,55;  Na  5.43. 

SUMMARY 

1.  A  method  has  been  developed  for  nitrating  1,1,1-trichlorodiphenylethane. 
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2.  l.ljl-trichloro-^-.p'-diamincxiiphenylethane  (HI),  with  an  m.p.  of  149-150*,  has  been  synthesized, 
the  yield  being  of  the  theoretical. 

3.  Reducing  l,l,l-trichloro-2,p’-dinitrodiphenylethane  and  l,l-dichloro'P,p'-dinitrodiphenylethylene 
in  glacial  acetic  acid  that  contained  aceuc  anhydride  produced  high  yields  of  the  acetyl  derivatives  of  the 
respective  amines. 

4.  The  structure  of  the  synthesized  nitro  amino  compounds  has  been  established  as  that  of  p,p’ 
substitution  derivatives  of  diphenyltrichloroethane  and  diphenyldichloroethylene. 

5.  Twelve  compounds,  four  of  which  are  water-soluble,  have  been  secured  from  l,l,l-trichloto-£,p’- 
diaminodit^enylethane  and  1,1-dichlorodiaminodiphenylethylene  and  have  been  identified. 

6.  Contrary  to  foreign  findings  that  1,1,1-trichloro-p,  p'-diaminodiphenylethane  and  its  ethylene 
derivative  are  highly  active  tuberculostatically,  these  compounds  were  found  to  be  only  slightly  active. 
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ALKYLATION  OF  AROMATIC  COMPOUNDS  IN  THE  PRESENCE  OF  PHOSPHORIC  ACID 


THE  POLYALKYLATION  OF  PHENOL 

N.  G.  Sidorova 


In  the  alkylation  of  aromatic  compounds  the  principal  objective,  as  a  rule,  is  the  synthesis  of  monoalkyl 
derivatives.  The  reason  for  this  is  that  more  research  has  been  done  on  monoalkylated  products,  and  they  are, 
therefore,  more  widely  used.  Moreover,  research  on  the  process  and  on  the  reaction  products  is  itself  simpler. 
This  also  holds  true  of  the  alkylation  of  phenols.  It  is  asserted  in  some  papers  that  di-  ami  trialkylphenols  have 
been  obtained,  but  there  is  only  one  paper  specially  devoted  to  the  synthesis  and  a  study  of  the  properties  of 
some  trialkylphenols  [1]. 

We  have  made  a  study  of  the  polyalkylation  of  phenol  with  n-butyl  and  isobutyl  alcohols  in  the  pre¬ 
sence  of  phosphoric  acid.  In  our  laboratory  we  have  more  than  once  shown  [2]  that  phosphoric  acid  is  sup¬ 
erior  to  other  condensing  agents  in  the  alkylation  of  phenol  by  alcohols.  When  equimolecular  quantities  of 
the  alcohol  and  phenol  are  used  in  condensation  with  phosphoric  acid  we  get  satisfactory  yields  of  pure  mono¬ 
alkylated  phenols,  whereas  many  other  catalysts  produce  a  mixture  of  products  of  varying  degrees  of  substitution. 
By  using  phosphonic  acid  we  hoped  to  ascertain  whether  two  or  three  alkyl  groups  can  be  introduced  during 
alkylation  as  desired.  We  took  the  corresponding  quantities  of  alcohol  and  phenol  to  guide  the  reaction  along 
the  desired  course,  besides  increasing  the  mtensity  and  duration  of  the  heating. 

In  the  condensations  with  n-butyl  alcohol  we  managed  to  find  the  conditions  required  for  obtaining 
a  compound  with  the  desired  degree  of  substitution  as  the  principal  product.  We  used  2  moles  of  n-butyl  alcohol 
and  400  ml  of  phosphoric  acid  (d  =  1.86)  per  mole  of  phenol  to  introduce  2  butyl  groupsi  heating  lasted  11  hours 
at  130-150*.  The  aggregate  yield  of  disubstituted  products  (dibutylphenol  and  the  butyl  ether  of  butylphenol) 
was  IQPjo  of  the  theoretical.  We  accordingly  used  3  moles  of  the  alcohol  and  600  ml  of  phosphoric  acid  to  intro¬ 
duce  three  groups,  heating  to  140-160*  being  continued  for  23  hours.  The  yield  of  trisubstituted  products  was 
70“5t  of  the  theoretical. 

The  reaction  with  isobutyl  alcohol  did  not  proceed  nearly  as  satisfactorily  under  these  conditions,  al¬ 
though  isobutyl  alcohol  enters  into  condensation  reaction  more  readily,  as  we  know.  This  is  apparently  due  to 
the  fact  that  the  alkylation  reaction  is  paralleled  by  the  reverse  reaction:  dealkylation,  the  two  reaction  rates 
being  governed  by  the  temperature.  As  the  temperature  is  raised,  the  rate  of  alkylation  rises,  though  the  rate 
of  dealkylation  rises  still  faster  when  a  ceruin  temperature  is  exceeded.  When  the  temperature  is  kept  low, 
we  can  expect  to  keep  the  reverse  reaction  to  a  minimum.  As  a  matter  of  fact,  we  were  able  to  improve  the 
yield  of  polybutylphenols  somewhat  by  lowering  the  temperature.  The  reactions  with  isobutyl  alcohol  were 
run  with  the  same  reagent  proportions  and  heating  time  as  those  used  for  n-butyl  alcohol,  but  the  reaction 
temperature  was  varied.  Dialkylation  was  performed  at  140*,  the  yield  of  dialkylated  products  totalling  4Sfi}o 
of  the  theoretical.  Trialkylation  at  110-120*  yielded  37^  of  tributylphenol,  whereas  performing  this  same  re¬ 
action  at  140-160*  yielded  only  25<yo  of  the  trisubstituted  product.  In  all  the  isobutyl  alcohol  condensations  a 
high  percentage  of  a  monosubstituted  product  was  formed,  in  addition  to  the  polybutylphenols.  Cutting  the 
heating  time  to  8  hours  (125-135*)  results  in  the  monosubstituted  product  predominating  in  the  reaction  pro¬ 
ducts,  with  no  tributylphenol  present  at  all.  By  way  of  making  a  more  detailed  study  of  the  polyalkylation 
process,  we  tried  to  perform  this  reaction  step  by  step,  in  the  thought  that  when  the  alkyl  groups  were  intro¬ 
duced  gradually  the  reaction  would  be  smoother,  yielding  the  desired  product  completly.  With  this  as  our 
objective  we  condensed  p-tert- butylphenol  with  isobutyl  alcohol.  But  when  the  second  alkyl  group  was  intro¬ 
duced,  we  found  that  the  reaction  was  not  as  smooth  as  when  the  first  group  was  added.  This  is  most  likely 
due  to  parallel  dealkylation. 
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According  to  the  findings  of  Seillson  and  his  associates  [1],  trialkylphenols  that  contain  tertiary  radicals 
do  not  dissolve  at  all  in  aqueous  alkalies  or  in  a  solution  of  potassium  hydroxide  in  methanol.  Trialkylphenols 
that  contain  secondary  radicals  are  insoluble  in  aqueous  solutions  of  alkalies,  but  do  dissolve  in  alcoholic  solu¬ 
tions  of  potassium  hydroxide.  The  solubility  of  dialkylphenols  in  these  solutions  depends  upon  the  nature  of  the 
alkyl  groups  and  their  positions.  We  utilized  aqueous  solutions  of  alkalies  of  varying  concentrations  to  separate 
the  dialkylphenols  from  the  phenol  ethers.  The  condensation  products  of  n-butyl  alcohol  can  be  readily  sep¬ 
arated  by  means  of  strong  (20-30®ib)  solutions  of  alkali.  Tributylphenol  is  wholly  insoluble  in  such  a  solution. 
With  the  isobuytl  alcohol  it  is  best  to  use  dilute  alkali  solutions  (5-10^). 

In  the  light  of  the  conditions  governing  their  recovery  the  trisubstituted  products  might  be  regarded  as 
a  mixture  of  tributylphenol  with  butyl  ethers  of  the  dibutyl-phenols.  Determination  of  the  hydroxyl  groups 
indicated:  however,  that  the  substances  were  lOO^o  phenols.  It  is  evident  that  distillation  entailed  the  isomeri¬ 
zation  of  the  phenol  ethers  to  aklyl  phenols. 

The  di-and  tributylphenols  were  obtained  as  oUy  liquids  that  did  not  crystallize  upon  standing,  which 
was  due,  apparently^  to  the  formation  of  a  mixture  of  isomers  with  differing  radical  structures.  It  is  very  dif¬ 
ficult  to  purify  the  dl-i  and  tributylphenols,  since  they  are  dealkylated  appreciably  when  distilled,  even  in 
vacuo.  Analysis  of  the  collected  fractions  indicates  that  substances  of  a  lower  degree  of  substitution  are  present. 

We  did  not  investigate  the  phenol  ether  fractions,  since  they  were  partially  isomerized  to  the  corres¬ 
ponding  alkylphenols  when  distilled. 


EXPERIMENTAL 

The  phosphoric  acid  (d=  1.86)  utilized  in  our  condensations  was  prepared  by  evaporating  commerical 
phosphoric  acid  with  some  nitric  acid  in  a  platinum  cup.  After  the  acid  had  cooled,  it  was  diluted  with  dis¬ 
tilled  water  to  the  required  strength.  The  use  of  glass  or  porcelain  vessels  in  evaporating  the  phosphoric  acid 
contaminates  it  with  impurities  that  diminish  its  activity. 

Condensation  was  performed  in  a  three-neckedflask,  using  mechanical  stirring.  A  mixture  of  phenol  and 
phosphoric  acid  was  heated  to  the  requred  temperatuce,  and  the  alcohol  was  added  from  a  dropping  funnel,  after 
which  stirring  and  heating  were  continued.  The  reaction  temperature  was  checked  by  means  of  a  thermometer 
Immersed  in  the  reaction  mixture. 

When  the  reaction  was  over,  the  mixture  was  dilated  with  water,  the  upper  layer  being  removed  and 
processed  a  few  times  with  an  alkali  solution.  The  alkali  solutions  were  combined,  and  the  phenols  extracted 
from  them  by  the  action  of  hydrochloric  acid.  The  precipitated  phenols  were  washed  with  water  until  their 
reaction  was  neutral,  dried  over  calcium  chloride,  and  distilled. 

The  portion  of  the  alkylation  products  (the  tributylphenols  and  the  butyl  ethers  of  the  mono-  and 
dibutylphenols)  that  was  insoluble  in.  the  alkali  was  likewise  washed  with  water  until  its  reaction  was  neutral, 
dried  over  calcium  chloride,  and  fractionated.  Broad  fractions  were  collected,  the  yield  being  calculated  in 
terms  of  these  crude  products.  The  corresponding  fractions  of  similar  condensations  were  combined  together 
and  repeatedly  distilled  in  vacuo  and  at  ordinary  pressure.  The  isolated  narrow  fractions  of  phenols  consti¬ 
tuted  mixtures  of  isomers.  They  were  identified  only  by  their  analyses  and  their  constants,  inasmuch  as  no 
derivatives  of  di-  and  tributylphenols  can  be  prepared  under  ordinary  conditions.  No  investigation  was  made 
of  the  nonphenolic  part  of  the  condensation  products. 

Condensation  of  phenol  with  n  -butyl  alcohol.  The  condensation  conditions  and  results  are  listed  in 
Table  1. 

Redistillation  of  the  245-270*  phenolic  fraction  yielded  the  dibutylphenol  (a  mixture  of  isomers). 

B.p.  257-265*;  d|^  0.9445;  1.5100;  MRjj  65.08;  calculated  64.78. 

0.1302  g  substance:  0.3868  g  CO,-  0.1179  g  0.2188  g  substance:  30.2  ml  CH^  (29*,  718  mm). 

Found  °}o:  C  81.02?  H  10.06;  OH  8.40,  Cj^HaO.  Calculated  ofo-  C  81.55;  H  10.68;  OH  8.25. 

The  270-290*  fraction  yielded  the  tributylphenol  (a  mixture  of  isomers). 

B.p.  275-279*;  <4^  0.9373;  ng  1.5074;  MRp  83.3;  calculated  83.25. 
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0.0908  g substance;  0.2745  g  CO2;  0.0896  g  HjO.  0.2126  g  substance;  25.9  ml  CH4(29*,  718  mm); 
Found  %  C  82.45;  H  10.96;  OH  7.45.  CijHjoO.  Calculated  <7o:  C  82.44;  H  11.45;  OH  6.49. 


TABLE  1 

Results  of  Condensing  n-Butyl  Alcohol  with  Phenol 


Conden¬ 

sation 

number 

1  Original  substances 

Tempera¬ 

ture 

Time 

hours 

1  Product  yield 

Phenol 

Alcohol 

m 

1  From  the  alkali  solution  | 

1  Portion  insoluble  in  alkali 

Butylphenol , 
b.p. 

220-245“ 

Dibutylphenol 

b.p. 

245-270“ 

Butyl  ether 
of  butyl- 
phenol,  hp 
245-270“ 

Tlibutylphenol 

b.p. 

270  -295“ 

1 

23.5  g 

37  g 

9.5  g 

14.5  g 

21.6  g 

4.6  g 

(0.25  mole) 

(0.5  mole) 

(9^0) 

(28  io) 

(42  <7o) 

0% 

2 

23.5  g 

55  g 

150 

140-160 

23 

- 

- 

- 

46  g 

(0.25  mo  14 

(70^0) 

TABLE  2 


Con- 

den- 

sdior 

No. 

Origiiial  substances 

Tempera¬ 

ture 

time 

hours 

Product  yield 

Phenol 

Alcohol 

Ml 

of 

H8PO4 

From  the  alkali  solution 

Portion  insoluble  in  alkali 

But>iphen- 
ol,  b.p. 
220-245“ 

Dibutyl  - 
phenol, 
b.p. 

245-265“ 

Trijuiyl- 

phenol 

b.p. 

265- 

280“ 

Butyl  ether 
of  phenol 

220-245“ 

Butyl  ether 
of  dibutyl 
phenol, 
b.p.  245- 
265“ 

Tributyl- 

phenol 

b.p. 

265- 

280“ 

1 

47  g 

74  g 

135-145“ 

11 

8  g 

33  g 

7.5  g 

— 

13  g 

8.9  g 

(0.5  mol^ 

(1  mole) 

(32<7o) 

(6^0) 

(12.6^0) 

(7<7o) 

2 

23.5  g 

55  g 

150 

125-135 

8 

17  g 

- 

- 

6.3  g 

17.5  g 

- 

(0.25  mole^ 

(46  <7o) 

(17  <7o) 

(34«7>) 

3 

23.5  g 

55  g 

150 

140-160 

22 

5.1  g 

15.7  g 

4.6  g 

4.3  g 

11.5  g 

(0.25  mde^ 

;0.75mcie) 

(13.6^0) 

(30.5<7o) 

(7<7o) 

(11.5<7o) 

(7.8  <%) 

(17.6  <7o) 

4 

23.5  g 

55  g 

110-120 

22 

6.5  g 

4.5  g 

- 

3.3  g 

6.0  g 

24.2  g 

(0.75  md^ 

(17.4  % 

(8. 7  <7.) 

(9*^) 

(11.6  % 

(37<7o) 

The  fraction  constituting  the  butyl  ether  of  butyl  phenol  dissolved  partially  in  potassium  hydroxide 
after  distillation,  indicating  that  isomerization  to  dibutylphenol  had  taken  place. 

Condensing  phenol  with  isobutyl  alcohol.  The  condensation  conditions  and  results  are  listed  in  Table  2. 

The  220-245“  phenolic  fractions  crystallized  in  part  upon  standing.  The  precipitated  crystals  had  an 
m.p.  of  99“  after  recrystallization  from  water,  which  is  the  m.p.  of  p-terhbutylphenol. 

Redistillation  of  the  245-265*  phenolic  fractions  yielded  the  dibutylphenol  (a  mixture  of  isomers). 

B.p.  255-262“;  d|*  0,9538;  ng  1,4965;  MRj)  63.16;  calculated  64.78. 

0.1130  g  substance;  0.3366  g  CO*;  0.1024  g  HjO.  Found  <7o:  C  81.24;  H  10.07;  C14HBO. 

Calculated  <70;  C  81.55;  H  10.68. 

Distillation  of  the  265-280“  fractions  yielded  a  product  with  a  b.p.  of  275-280“;  d*  0.9488;  ng  1.4965. 
Analysis  of  this  product  indicated  that  it  consisted  largely  of  low^olecular  phenols. 

SUMMARY 

1.  The  polyalky lation  of  phenol  by  n-butyl  and  isobutyl  alcohols  in  the  presence  of  phosphoric  acid 
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it 


has  been  invest)^ ted. 

2.  In  the  case  of  nHsutyl  alcohol  the  conditions  have  been  discovered  that  make  it  possible  to  introduce 
two  or  three  butyl  groups  into  the  phenol  molecule  (with  yieMs  up  to  70*70  of  the  theoretical).  The  reaction  is 
not  complete  when  isobutyl  alcohol  is  used,  owing  to  the  parallel  dealkylation  that  takes  place. 

3.  The  condensations  yield  a  mixture  of  alkylphenols  and  phenol  ethers.  The  di-  and  tributylphenols 
are  partially  dealkylated  during  distillation. 
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THE  ALKYLATION  OF  AROMATIC  COMPOUNDS  BY  ALCOHOLS  IN  THE  PRESENCE 

OF  ALUMINUM  CHLORIDE 

XV.  *  THE  ALKYLATION  OF  BENZENE  IN  A  CONTINUOUS-ACTION  APPARATUS 
I.  P.  Tsukervanik  and  Kh.  Taveeva 


In  some  recent  reports  by  A.  V.  Topchiev  and  his  associates  [1]  the  authors  have  described  the  alkyla¬ 
tion  of  benzene  and  of  saturated  hydrocarbons  with  the  new  catalyst  BFs'HsPO^  in  a  continuous-action  apparatus. 
This  alkylation  method  cuts  down  the  formation  of  polyalkyl  derivatives;  in  our  reactions  using  Aids  we  may 
also  look  forward  to  an  appreciable  diminution  of  the  side  reactions  of  cleavage  and  isomerization  of  the  alco¬ 
hol  radicals  as  the  result  of  the  action  of  the  AICI3  or  of  its  coordination  compounds.  Changing  the  apparatus 
described  by  A.  V.  Topchiev,  and  his  associates  [1]  somewhat,  we  used  it  to  alkylate  benzene  with  isopropyl, 
n-butyl,  and  ethyl  alcohols  reactions  which  had  been  previously  investigated  in  out  laboratory.  In  the  appara¬ 
tus  reactor  there  gradually  accumulated  a  heavy,  oily  "lower  layer"  that  contained  Aids,  the  products  of 
its  interaction  with  alcohol,  and  various  byproducts  (poly alkylated  derivatives,  olefins  and  others)  in  the  shape 
of  coordination  compounds  with  AlClj.  Rapidly  removing  the  normal  reaction  products  from  this  layer  ought 
to  improve  the  results  of  alkylation.  By  using  syphoning  from  the  reactor  to  the  distilling  flask,  we  achieved 
complete  separation  of  the  reaction  mixture  from  the  lower  layer.  But  when  the  excess  benzene  was  driven 
oiOf  from  the  decanted  colored  mixture,  an  oily  lower  layer  again  separated  out.  Still,  we  believe  that  the 
influence  of  the  excess  Aids  and  of  the  lower  layer  has  been  greatly  reduced  in  the  experiments  we  have 
carried  out. 

According  to  our  earlier  findings  [2],  alkylating  benzene  with  isopropyl  alcohol  yielded  up  to  70®^  of 
alkylbenzenes,  though  die  mixture  contained  a  large  percentage  of  di-  and  polyisopropylbenzenes.  Conden¬ 
sation  in  the  apparatus  with  0.6  mole  of  Aids  per  mole  of  CsH^H  yielded  66.&^fc  of  alkylbenzenes;  the  mix¬ 
ture  of  crude  products  contained  almost  no  high-hoiling  fractions,  proving  to  be  pure  cumene. 

In  our  previous  experiments  [2]  on  the  alkylation  of  benzene  with  n-butyl  alcohol,  we  secured  negli¬ 
gible  yields  of  butylbenzene.  The  reactions  were  carried  out  with  only  1.2-2  moles  of  Aids  per  mole  of  the 
alcohol  at  temperatures  above  100*;  under  these  conditions  most  of  the  alcohol  underwent  cleavage.  When 
small  quantities  of  Aids  were  used  on  a  water  bath,  no  perceptible  yields  of  butylbenzene  were  obtained. 

We  then  ran  a  new  series  of  tests  on  the  alkylation  of  n-  CsHtOH  in  the  apparatus.  We  varied  the  quantity 
of  Aids,  the  temperature,  and  the  order  in  which  the  reagents  were  added.  We  found  that  at  least  1.2  moles 
of  Aids  were  required  per  mole  of  the  alcohol,  as  had  been  demonstrated  earlier  [3];  however,  the  reaction 
takes  place  in  the  apparatus  at  75-80*,  yielding  about  35%  of  the  theoretical  (based  on  the  alcohol  used)  of  the 
monobutylbenzenes.  The  reaction  mixture  contains  practically  no  polyalkylbenzenes.  We  made  an  approxi¬ 
mate  determination  of  the  amount  of  unreacted  n-butyl  benzene  in  the  wash  waters  by  measuring  the  refrac¬ 
tive  index;  subsequent  calculation  indicated  that  the  butylbenzene  yield  was  60%  of  the  theoretical,  based  on 
the  reacted  n-butylbenzene.  The  resultant  butylbenzene  proved  to  be  a  mixture  of  isomers,  with  sec-butylben- 
zene  predominating. 

When  we  alkylated  benzene  with  ethyl  alcohol  in  the  past  [4],  we  always  obtained  a  high  yield  (as 
high  as  90%  of  the  theoretical)  of  a  mixture  of  hydrocarbons,  the  ethylbenzene  yield  never  exceeding  35-40%, 
di-  and  polyethylbenzenes  predominating.  This  result  was  obtained  when  we  used  2  moles  of  Aids  per  mole 
of  alcohol  and  heated  the  mixture  for  10  hours  on  an  oil  bath  (120-130*).  Alkylation  tests  with  ethyl  alcohol 
run  in  the  apparatus  indicated  that  the  specified  quantity  of  AlCls  is  actually  required  to  secure  high  product 
yields.  The  reaction  proceeds  faster  and  at  a  lower  temperature  in  the  apparatus.  Heating  the  mixture  for  2 
hours  on  a  water  bath  yielded  85%  of  the  theoretical  yield  of  alkylbenzenes;  the  mixture  of  reaction  products 

‘For Communication  see  J.  Gen.  Chem.,  18,  106  (1948). 


1019 


yielded  a  total  of  25-30^o  of  the  theoretical  yield  of  ethylbenzene,  the  bulk  of  the  product  consisting  of  di- 
and  polyethyibenzenes.  In  these  condensations  ye  always  observed  the  formation  within  the  reactor  of  an 
oily  lower  layer  ,  which  contained  polyethyibenzenes,  as  was  proved  by  a  special  test.  It  is  evident  that  the 
alkylation  products  are  selectively  extracred  by  the  lower  layer  [5],  under  our  reaction  conditions,  resulting 
in  the  specified  condensation  results.  Hence,  mete  is  no  advantage  to  be  gained  by  ethylating  benzene  in 
the  device  over  the  usual  method  of  performing  these  condensations,  as  far  as  the  composition  of  the  reaction 
products  is  concerned. 


EXPERIMENTAL 

The  following  modifications  were  made  in  the  apparatus  described  by  A.  V.  Topchiev  and  his 
associates  [1],  The  reactor  was  fitted  with  an  auxiliary  tube  for  gradually  supplying  the  AICI3,  The  motor- 
driven  stirrer  was  replaced  by  a  magnetic  stirei".  The  overflow  tube  was  made  of  two  glass  sections  con¬ 
nected  together  by  rubber  tubing  fitted  with  a  clamp?  the  end  of  the  tube  that  was  lowered  into  the  dis¬ 
tilling  flask  was  drawn  out  to  a  narrow  tip  (2  mm  dia  meter);  all  this  made  it  possible  to  regulate  the  over¬ 
flow  of  the  transparent  reaction  mixture  better. 

Benzene-isoiKopyl  alcohol.  43  grams  (0.32  mole)  of  Aids  was  gradually  added  to  a  mixture  of  150  ml 
of  benzene  and  30  g  (0,5  mole)  of  CjHfOH  in  the  reactor.  Then  the  mixture  was  heated  on  a  water  bath  (75*) 
for  2  hours  and  left  to  stand  at  room  temperature  for  12  hours.  Then  we  began  to  drive  the  benzene  (200  ml) 
out  of  the  distilling  flask.  At  the  same  time  that  the  benzene  entered  the  mixture  of  products  was  decanted 
from  the  reactor  to  the  distilling  flask;  this  took  2  hours. 

After  the  usual  p’^ocessing,  we  obtained  the  following  fractions;  2,3  g  at  80-145*;  37.6  g  at  145-202*; 
and  1.2  g  of  residue.  RedistiUation  of  the  first  two  fractions  yielded  37  g  of  cumene,  with  the  following  con¬ 
stants  [6]t  b.p.  148-152*  (730  mm);  d|*  0.8731;  1.4942. 

Benzene-n-butyl  alcohol.  We  took*  300  ml  of  benzene,  25  g  (0.33  mole)  of  n-C4H|OH,  and  55  g  of 
AICI3  (0.42  mole).  After  the  AlClj  had  been  added,  the  mixture  was  heated  to  75*  for  3  hours;  then  we  began 
to  siphon  from  the  reactor  to  the  distilling  flask  and  drive  the  benzene  into  the  reactor  (3  hours).  The  fractions 
collected  were*  15.5  g  at  140-180*  (butyl-benzene,  34<7o  of  the  theoretical);  0,7  g  at  180-190*;  and  1.3  g  of 
residue. 

The  reaction  mixtare  was  thoroughly  washed  with  an  excess  of  acidulated  water  to  determine  the  per¬ 
centage  pf  unreacted  butyl  alcohol.  The  collected  wash  waters  were  alkalinlzed  and  then  brought  to  1  liter. 
Then  the  refractive  mdex  of  a  distilled  portion  (100  ml)  of  the  wash  waters  was  determined.  It  was  found  to 
be  np  1.3350,  equivalent  to  some  1.1*^  of  n-butyl  alcohol  (determined  in  a  control  experiment),  whence  the 
unreacted  n-C^HjOH  totaled  11  g*  hence,  the  butylbenzene  yie..d  was  about  60<7e,  based  on  the  reacted  n-C^HjOH. 

Repeated  distillations  of  the  crude  butylbenzene  yielded  a  168-170*  (730  mm)  fraction;  d**  0.8603; 
ng  1.4912;  MRp  45.14. 

These  fractions  had  constants  that  approximated  those  of  sec -butylbenzene  [6,7]*,  the  slight  deviation 
from  tjie  values  in  the  literature  is  evidently  due  to  the  presence  of  a  slight  amount  of  n-butylbenzene.  We 
determined  the  approximate  percentage  of  n-butylbenzene  graphically,  using  the  data  in  the  refractive  in¬ 
dexes  of  the  :*somerlc  butyl-benzenes.  The  sec-butylbenzene  totaled  about  Lastly,  we  secured  an  acet- 
aroino  derivative  with  an  m  p.  of  127*  [7]  to  identify  the  sec-butylbenzene. 

Benzene -ethyl  alcohol.  We  used;  300  ml  of  benzene,  16  g  (0.33  mole)  of  alcohol,  and  87  g  (0.  66  mole) 
of  AlClj.  The  mixture  was  heated  on  a  water  bath  for  2  hours.  Syphoning  lasted  3  hours.  The  lower  layer  was 
separared  from  the  benzene  layer  for  processing  and  decomposed  separately  with  water.  The  following  frac¬ 
tions  were  collected*  from  the  benzene  Uyer;  0.2  g  at  90-110'’;  3.2  g  at  110-150*;  and  0.2  g  of  residue;  from 
the  lower  layer;  5  g  at  110-150*;  7,1  g  at  150-200*;  32  g  at  200-250*;  and  4.3  g  of  (crystalline)  residue. 

Repeated  dlstUlatlons  of  the  110-150*  fraction  yielded  ethylbenzene  with  a  b.p.  of  134-13^ (730  mm); 
dj*  0.8675;  ng  1.4959. 

SUMMARY 

1.  A  study  has  been  made  of  the  alkylation  of  benzene  with,  alcohols  and  AICI3  in  a  continuous-action 
apparatus. 
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2.  Isopropyl  alcohol  yielded  cumene,  the  yield  being  ^OPjo  of  the  theoretical. 


3.  This  method  of  condensation  made  it  possible  for  the  first  time  to  effect  the  butylation  of  benzene 
with  n-C^HjOH  with  a  satisfactory  yield  (as  high  as  60<7o  of  the  theoretical,  based  on  the  reacted  alcohol). 
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THE  RELATIONSHIP  OF  THE  STRUCTURE  OF  HYDROXYAZO  DYES  TO  THEIR 
ABILITY  TO  CHANGE  COLOR  AT  THE  SURFACE  OF  MAGNESIUM  HYDROXIDE 


L.  M.  Kulberg 


Among  the  reagents  for  magnesium  there  is  a  large  group  of  hydroxyazo  dyes,  all  of  which  change 
color  at  the  surface  of  magnesium  hydroxide  characteristically  at  the  instant  of  its  formation.  The  hydroxy¬ 
azo  dyes  that  exhibit  this  reaction  can  be  divided  into  two  groups.  One  group  includes  the  p-nitro-  and  o- 
nitrohydroxyazo  dyes  with  the  following  general  formula; 


0,N- 


<^-N 


-N=  N-ROH  (P.  o); 


(NOj) 

the  other  including  the  hydroxyazo  dyes  that  do  not  contain  a  nitro  group  (or  else  have  it  at  the  meta  posi¬ 
tion) 


The  interaction  of  the  first  group  of  dyes  with  magnesium  hydroxide  has  been  exhaustively  investi¬ 
gated  by  us  previously  [1];  we  found  that  the  reaction  involves  the  stabilization  of  the  isonitro  form  of  the 
dye  [2]  at  the  surface  of  the  magnesium  hydroxide  as  follows; 


OtN-<^  N=N-<^  ^ 


OH 


O 


I  \oH 


Mg-OH. 


As  for  the  second  group,  practially  no  research  is  found  in  the  literature  on  their  interaction  with 
magnesium  hydroxide  [3,4]. 


The  author,  who  has  pointed  out  that  dyes  of  the  first  type  can  be  utilized  as  reagents  for  magnesium, 
believes  that  they  owe  their  reactivity  to  their  hydroxyl  groups  [5]r 


=  H,  CH,,  OCH,. 

We  know  that  the  o-hydroxyazo  dyes  form  inner  coordination  compounds  with  metals  very  readily, 
with  the  aryl  group  in  the  trans  position  to  the  azo  group  [6]; 
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This  led  us  to  conjectute  that  the  mtetactlon  of  this  group  of  dyes  with  magnesium  hydroxide  entails 
the  formation  of  an  intramolecular  compound  [3],  such  as? 


followed  by  its  fixation  at  the  satface  of  the  magnesium  hydroxide.  We  may,  thereftxe,  suppose  that  o-hydroxy' 
azo  dyes  of  the  followii^  geneial  foimula* 


must  be  reactive  to  the  magnesium  ion  (that  iS;  change  color  characteristically  at  the  surface  of  the  MgfOH}] 
at  the  instant  the  latter  is  formed). 

Obviously,  the  p-hydroxyazo  dyes,  which  do  not  form  intramolecular  compounds,  should  not  color 
Mg(OH)s  under  these  conditions. 

The  results  of  oui  tests  of  the  p-hydroxyazo  dyes  at  our  disposal  are  listed  in  Table  3. 

To  prove  that  oui  assumption  concerning  the  structure  of  the  hydroxyazo  dyes,  which  ensures  their 
reactivity  with  Mg(OH)|,  was  correct,  we  synthesized  a  number  of  o-hydroxy  azo  dyes  and  tested  their  ability 
to  change  color  in  an  alkalme  medium  when  Mg?'*’  is  present  (Table  1).  All  the  dyes  listed  in  the  table  were 
synthesized^)  and  identified  by  the  usual  methods.  The  dyes  that  contain  chromotiopic  and  H  acids  as  azo 
components  were  not  isolated  in  the  solid  state,  but  were  identified  by  their  absorption  spectra. 

In  the  reactions  we  used  0.1<^  alcoholic  solutions  of  the  dyes  (an  aqueous  ^alcoholic  solution  being  used 
for  a  dye  that  was  insoluble  m  alcohol),  a  V’jo  solution  of  chemically  pure  magnesium  sulfate  heptahydrate,  and 
a  IN  solution  of  sodium  hydroxide  (a  0.1  N  solution  of  sodium  hydroxide  being  used  when  testing  dyes  that  con¬ 
tain  chiomotropic  acid  residues).  0.25  ml  of  the  dye  solution  and  1  ml  of  the  alkali  solution  were  added  to  1  ml 
of  the  magnesium  sulfate  solution. 

We  used  a  solution  containing  0.25  ml  of  a  solution  of  the  same  dye,  1  ml  of  the  alkali  solution,  and 
1  ml  of  water  as  a  control. 


As  we  see  from  these  findings,  all  the  tested  o-hydroxyazo  dyes  change  their  color  more  or  less  luo- 
nouncedly  when  MgfOH)*  Is  present  at  the  instant  the  latter  is  formed  thus  conforming  to  the  hypothesis  ad¬ 
vanced.  These  findings  ag  ee  with  Kuznetsov’s  observations  [4]  on  the  reaction  of  several  azo  dyes  with  Li  , 
Ca**,  and  Mg*"*”  tons. 

The  azo  dyes  that  contain  chiomotropic  and  H  acids  are  of  the  greatest  practical  interest  as  reagents 
for  magnesium.  These  dyes  exhibit  the  most  marked  change  In  color  during  the  course  of  the  reaction. 

Thus  among  the  hydroxyazo  dyes  that  can  change  color  at  the  surface  of  MgfOH)^  we  encounter  two 
functionaJ -analytical  g”Oups  that  give  rise  to  reactions  with  the  Mgf'*’  in  an  alkaline  medium  that  are  of  the 
same  type  enternaky  speaking,  but  differ  fundamentally  as  far  as  their  mechanisms  are  mvolved; 

The  diazo  and  azo  components  were  always  coupled  in  a  slightly  alkaline  medium 


1024 


TABLE  1 

Color  of  Alkaline  Solutions  of  o-Hydroxyazo  Dyes  with  and  without  Magnesium  Salts 


Azo  Component 


Formula  of  dye 


Acetone 


0,N— N=^N— ^  J — OH 


1^  Jh 

N=N — 


OH 

■N=N— 


Red -brown 

Blue 

Blue 

Pink -yellow 

Lilac -red 

Pink -yellow 

Lilac-red 

Blue 

Blue 

Yellow 

Lilac-red 

1 

Yellow 

NO, _ OH _  I 

Color  of  the  control  solution.  *)  Color  when  magnesium  salt  is  present.  *)  Dye  not  tested 
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2) 


1)  HO-Ar-N=N-Ar'-NOj 
(P.o)  (P.  o) 

Inttamolecular  rearrangement  with  stabiliza¬ 
tion  of  the  isonitio  form  at  the  Mg(OH)2 
surface 


The  behavior  of  the  o-hydroxyazo  dyes  Formation  of  an  inner  complex  salt  which  is  stabilized 

that  are  reagents  for  with  acetone  is  a  at  the  Mg(OH)2  surface 

criterion  of  the  reaction  mechanism.  If  the 

action  of  acetone  causes  a  change  in  the  color  of  an  alkaline  solution  of  the  dye,  like  that  occurring  when  a  mag¬ 
nesium  salt  is  present,  it  is  an  indication  of  the  isomerization  of  the  dye  to  the  isonitro  form.  The  absence  of  this 
effect  is  evidence  that  an  intramolecular  compound  has  been  formed.  The  data  set  forth  in  Table  2  illustrates  the 
foregoing. 


TABLE  3 

Nature  of  the  Interaction  of  p^ydioxyazo  Dyes  with  Mg*"*^  in  an  Alkaline  Medium 


SUMMARY 

1.  It  has  been  shown  that  hydroxyazo  dyes  that  do  not  have  a  nitro  group  in  the  para  or  ortho  position 
to  the  azo  group  react  with  Mg*'*’  in  an  alkaline  medium  only  when  they  have  a  hydroxy  group  in  the  ortho 
position  to  the  azo  group. 

2.  The  hypothesis  is  put  forward  that  the  reaction  between  the  foregoing  dyes  and  magnesium  salts  in 
an  alkaline  medium  involves  the  formation  of  inner  complex  salts. 

3.  This  hypothesis  has  been  confirmed  by  a  study  of  the  reaction  of  several  synthesized  dyes  with 
magnesium  salts  m  an  alkaline  medium. 

4.  A  criterion  is  given  for  establishing  the  mechanism  of  the  reaction  of  o-hydroxyazo  dyes  with  Mg*"*” 
in  an  alkaline  medium. 
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THE  DISSOCIATION  OF  HEX  A  PHENYLETHA  NE  AND  SIMILAR  COMPOUNDS  IN  SOLUTIONS 

D.  A.  Pospekhov 


Waters  [5]  has  expressed  the  following  opinion  on  the  dissociation  of  hexaphenylethane  and  related  com* 
pounds  in  solutions:  'Formation  of  neutral  radicals  when  bonds  in  organic  compounds  are  dissociated  may  be  ex* 
pected  to  occur  only  in  a  few  solvents  with  low  dielectric  constants,"  and  he  has  asserted  that  such  solvents  as 
ethyl  alcohol  (e=  25),  nitrobenzene  (e=  36),  and  the  like,  promote  ionization.  This  view  constitutes  a  parallel 
to  the  Nernst -Thomson  rule  in  the  electrochemistry  of  solutions;  the  higher  the  dielectric  constant  of  a  solvent 
the  greater  will  be  its  dissociating  power  [3,7,11,12].  (Waters  did  not  notice  this  parallel).  The  mle  has  been 
discussed  frequently  [1-4,  6,  7,  13-15].  The  limits  of  its  applicability  have  been  commented  upon.  Some  auth¬ 
ors  have  considered  the  rule  to  be  false  [2,  3,  6].  In  Walden's  works  on  nonaqueous  solutions  of  electrolytes 
[13-15],  he  insisted  upon  the  correctness  of  the  rule,  but  in  his  book  on  free  radicals  [17]  he  did  not  discuss  the 
formation  of  the  latter  as  related  to  the  eof  the  solvent. 

We  shall  show  that  the  experimental  data  now  available  do  not  beat  out  the  cited  opinion  of  Waters. 

The  table  below  lists  data  [18]  on  hexaphenylethane ,  supplemented  by  information  on  the  e  of  the  solvent.  The 
order  in  which  the  solvents  are  listed  in  the  original  paper  has  been  modified  somewhat:  they  are  here  grouped 
in  classes.  As  we  see  from  the  table,  the  heats  of  dissociation  of  all  the  solvents,  even  including  proprionitrile 
(£=  27.7),  are  about  the  same;  hence  there  are  no  grounds  for  the  belief  that  free  radicals  are  formed  in  some 
solvents  and  ions  in  others. 

TABLE 


Solvent 

Dissociation  constant 
K  •  10^  at  20* 

Heat  of  dissociation 
Q,  kcal. 

Solvent's,  e 

Hydrogen  sulfide . 

19.2 

11.0 

2.64 

Chloroform . 

6.9 

10.5 

5.05 

Ethylene  bromide . 

3.9 

11.4 

6.3 

Proprionitrile . 

1.2 

11.1 

27.7 

Benzene  . 

4.1 

11.3 

2.3 

Bromobenzene . 

3.7 

11.5 

5.4 

Acetophenone . 

1.70 

11.5 

18.3 

Ethyl  benzoate . . . 

1.67 

12.0 

6.2 

Dioxane . 

2.5 

11.6 

2.2 

We  see  from  the  table  that  in  aliphatic  solvents  the  lower  the  e  of  the  solvent,  the  higher  its  dissocia¬ 
tion  constant,  i.e, ,  we  see  somewhat  of  a  contradiction  to  what  Waters  asserted.  The  same  rule  holds  in  the 
aromatic  solvents.,  with  the  exception  of  acetophenone.  Dioxane,  as  the  sole  heterocyclic  compound,  cannot 
be  compared  with  anything  else. 


This  regularity  is  not  fortuitous,  inasmuch  as  we  know  of  similar  facts:  tetraphenyldibenzoyltetrazane 
(CjH5)2N— N— N— N(CgH5)2  has  the  following  values  of  K  •  10^  at  -18*:  2.75  in  ether  (6=4.3),  2.36  in  chloroform 


I  I 

CeHg-CO  CO-CgHj 


(  6  =5.05);  and  1.48  in  acetone  (6=  21.4)  [8]. 


As  opposed  to  Waters'  opinion,  solutions  of  hexaphenylethane  in  nitrobenzene  are  nonconductors  [10]. 
(Solutions  of  triphenylmethyl  in  liquid  sulfur  dioxide  (£  =  15.6)  are  conductors,  owing  to  the  formation  of  salt¬ 
like  solvates  [5,  6,  17]. 
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was  also  confirmed  in  rheAeactionofme  a{:>i/de  and  fie  0 -i<.aphthalide  of  diphenylchJovoaceti.c  acid  with  con¬ 
centrated  sulfuric  acid.  The  st  ucia  e  of  the  ..esa.'.t'ng  compounds  was  established  by  means  of  the  following 
schema: 


NH 


C(Ci)Ar2 

CO 


HgSO^ 

-HCi 


r  /\  1* 

CO 


SO/H~ 


colored 


I-HrSO^, 


-H,0 


These  examples  established  the  ability  of  the  aryl  amides  of  diphenylchloroacetic  acid  to  enter  into 
intramoleculai  condensations,  yijeidmg  oxindole  derivatives.  The  intramolecular  condensation  may,  there¬ 
fore,  be  regarded  as  a  function  of  the  dissociation  of  the  esiei  of  sulfuric  acid  and  the  aiyl  amide.  The  sig¬ 
nificance  of  a  coordination  compound  that  can  be  dissociated  in  a  Friedel -Crafts  reaction  has  recently  been 
demonstrated  in  a  series  of  thorough  investigations  by  V.  V  Korshak  and  his  associates  [4,5]. 

The  aryl  amides  are  condeased  within  the  organic  complex  ion,  so  that  this  condensation  may  be 
called  an  intracomplex  reaction.  One  of  the  features  of  this  reaction  is  its  high  velocity  and  the  high  yields 
of  the  reaction  products.  As  an  intramolecular  reaction  it  will  be  governed  by  the  internal  structure  of  the 
organic  complex  ion.  In  the  present  case  it  is  the  structure  of  the  cation  with  a  missing  electron  (a  positive 
charge)  at  the  carbinol  carbon  atom  (QI)  that  is  important.  The  substituents  in  the  radical  attached  to  the 
nitrogen  atom  ate  not  linked  by  a  conjugated  chain  to  the  central  carbon  atom  and  cannot  exert  any  appre¬ 
ciable  influence  upon  the  condensation.  The  substituents  iji  the  phenyl  radicals  attached  to  the  carbinol 
carbon  atom  will  exert  a  strong  influence.  For  exampie,  when  methyl  groups  are  introduced  at  the  para  position, 
the  last  IT  -electrons  of  the  benzene  ring  will  be  shifted  toward  the  central  carbon  atom  owing  to  the  +I  effects,  resul 
ting  in  a  substantial  decrease  of  the  rate  of  condensation  [6].  Groups  possessing  a  conjugation  effect  will  exert  an 
even  greater  influence.  In  the  carbonium  ion  (VIE)  the  positive  charge  is  siufte,d  to  the  oxygen  atom  (IX)  as  the  re¬ 
sult  of  conjugation  in  tlie  participHtion  of  the  oxygen  atom  of  the  methoxy  group.  But  since  it  is  (VIII)  and  not  (IX), 
that  enters  into  the  reaction,  the  condensation  rate  of  such  aryl  amides  will  be  negligible. 
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A  negative  charge  is  produced  at  the  ortho  position  of  the  aryl  amide  residue  (FV),  due  to  the  shift  of 
the  unshared  electron  pair  of  the  nitrogen  atom  in  the  direction  indicated  by  the  arrows  in  (III).  The  charge 
penetrates  into  the  electron  gap  of  the  central  carbon  atom,  an  unstable  intermediate  product  (V)  being 
formed,  which  is  stabilized  as  the  result  of  the  evolution  of  a  proton  and  the  formation  of  the  heterocyclic 
atom  (VI).  The  proton  combines  with  the  SO^H”  to  form  sulfuric  acid  (Equation  4),  which  re-enters  the  out¬ 
lined  circulatory  process. 

The  mechanism  proposed  by  us  for  the  intramolecular  condensation  of  aryl  amides  of  hydroxy  carboxy¬ 
lic  acids  quite  satisfactorily  explains  the  various  phases  of  the  reaction,  and  makes  it  possible  to  fix  the  limits 
within  which  the  method  is  usable  and  to  predict  the  condensation  reaction. 

EXPERIMENTAL 

Anilide  of  2.2*,4,4*-tetramethoxydIphenylglycolic  acid.  Initial  substances:  6  g  (1  mole)  of  ethyl 
oxanilate,  43.5  g  (5  moles)  of  the  dimethyl  ether  of  4-<.odoresorcmol,  and  4  g  of  magnesium.  When  the 
reaction  was  over,  the  contents  of  the  flask  were  decomposed  with  a  saturated  solution  of  ammonium  chlor¬ 
ide,  and  the  anilide  extracted  wJ.th  ether.  The  yield  of  the  anili.de  was  a  few  per  cent.  The  bulk  of  the 
mass  did  not  decompose,  constituting  an  mtermedrate  reaction  product;  we  had  already  described  the  for¬ 
mation  of  such  products  [7].  The  inte.rmediate  product  was  treated  with  a  IQPjo  solution  of  sulfuric  acid, 
washed  with  water  until  itsreaction  with  Congo  red  was  neutral,  dried  in  the  air,  and  then  re-reacted  with 
the  organomagnesium  compound.  With  this  as  our  objective,  we  took  22.5  g  of  the  dimethyl  ether  of  4- 
iodoresorcinol  and  2.05  g  of  magnesium.  The  aggregate  yield  of  the  anilide  was  1.3  g,  or  of  the  theor¬ 
etical.  The  anilide  crystallijsed  from  alcohol  as  colorless  lamellae  with  an  m.p.  of  150.5*.  It  dissolved  in 
concentrated  sulfunc  acid,  producing  a  blue  solution.  It  constituted  colored  solutions  with  O.IN  solutions 
of  sulfuric  and  hydrochloric  acids.  The  colored  solutions  were  fairly  stable  and  were  decolorized  only  upon 
heating. 

A  solution  in  acetic  acid  was  pale  yellow  at  ordinary  temperature,  but  it  turned  red  at  the  boiling 
point  of  the  solvent.  This  was  repeatable  a  large  number  of  times.  This  phenomenon  in  chemistry  is  called 
"thermochromisro"  and  is  still  without  a  satisfactory  explanation  [9]. 

0.2210  g  substance?  6.9  ml  Nj  (19®,  756  mm).  0.2001  g  substance:  6  ml  (19*,  756  mm). 

Found  <7o?  N  3.59,  3.44.  Cj^H^O^N.  Calculated  N  3.28 

3,3HBis-(2,4-dimethoxyphenyl)-oxlndole.  1  ml  of  a  10^  solution  of  sulfuric  acid  was  added  to  a  solu¬ 
tion  of  0.6  g  of  the  anibde  of  2,2’,4,4'-tetramethoxydiphenylglycolic  acid  in  7  ml  of  glacial  acetic  acid. 

The  red  coloring  of  the  solution  gradually  vanished  when  the  reaction  mass  was  heated  on  a  water  bath  (60- 
70").  The  substance  was  insoluble  in  water  or  petroleum  ether,  though  freely  soluble  in  other  organic  solvents. 

It  crystallized  when  its  benzene  solution  was  diluted  with  petroleum  ether.  The  substance  volatilized  readily 
when  heated,  and  was  also  volatile  with  steam.  M.  p.  115*  (in  a  sealed  capillary).  The  yield  was  0.35  g,  or 
61.4<7o  of  the  theoretical. 

0.3302  g  substance:  10  ml  1^  (20*.  750  mm).  0.2501  g  substance;  7.8  ml  (20*.  750  mm). 

Found  %  N  3.49,  3.59„  Cj4l%305N.  Calculated  <7o;  N  3.46. 

3,3^iphenyloxindole.  3  ml  of  concentrated  sulfuric  acid  was  added  to  a  solution  of  0.7  g  of  the 
anilide  of  diphenyl  chloroacetic  acid  in  10  ml  of  glacial  acetic  acid.  The  reaction  mass  was  heated  on  a 
water  bath  (60*)  5-10  minutes  until  the  red  coloring  disappeared  and  most  of  the  hydrogen  chloride  had  been 
eliminated.  This  yielded  0.6  g,  or  96.7<7o  of  the  theoretical.  Crystallization  from  benzene  yielded  colorless 
prisms  with  an  m.p.  of  225*.  The  mixed  melting  point  with  a  known  sample  of  3,3-diphenyloxindole  exhibited 
no  depression. 

3,3-Diphenyi-4,5-benzooxindole  (3,3-diphenyl-8-naphthoxindole).  Initial  substances?  a  solution  of 
0.5  g  of  the  8 -naphthalide  of  diphenyichloroacetic  acid  in  5  ml  of  glacial  acetic  acid  and  4  g  of  concentrated 
sulfuiic  acid.  This  yielded  0  43  g,  or  approximately  IQQPlo  of  the  theoretical.  Colorless  octahedra  (from  alcohol) 
with  an  m.p.  of  266*  The  mixed  melting  point  with  a  known  sample  of  3,3-diphenyl-6-naphthoxindol  exhibited 
no  depression. 

^)  The  dimethyl  ether  of  4-iodoresorcinol  was  prepared  by  the  Kaufmann  and  Kieser  method  [8]  and  had  a 
b.p.  of  162-163*  (14  mm). 
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SUMMARY 


1.  The  mechanism  involved  in  the  intramolecular  condensation  of  the  N-aryl  amides  of  hydroxy 
carboxylic  acids  is  proposed  and  experimentally  confirmed. 

2.  The  anilide  and  the  6-naphthalide  of  diphenylchloroacetic  acid  are  used  as  examples  to  establish 
the  ability  of  the  aryl  amides  of  this  acid  to  enter  into  intramolecular  condensation,  giving  rise  to  deriva¬ 
tives  of  oxindole. 
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THE  N-ARYL  AMIDES  OF  HYDROXY  CARBOXYLIC  ACIDS  AND  THEIR  CONVERSION 

INTO  HETEROCYCLIC  COMPOUNDS 

XVI.  THE  SYNTHESIS  OF  AR  *1  AMIDES  OF  6,B  DIPHEN'YL-B-HYDROXYPROPIONIC  ACID 

P.  A.  Petyunin  and  A.  S.  Pesls 


The  aryl  amides  of  B -hydioxN  ca.»boyy]lc  acids  are  compounds  on  which  only  little  resea-tch  has  been 
done,  only  the  acyl  de.r3  vat7.ves  of  som  e  aryl  amides  of  6 -hydroxy  carboxylic  acids  having  been  described  in 
the  literature  [1].  As  the  result  of  eacting  aryl  oxamic  and  succinanilic  ac.ids  with  organomagnesium  com¬ 
pounds,  one  of  the  present  autnois  and  N„  G  Panferova  [2,3]  have  developed  preparative  methods  of  synthe¬ 
sizing  a*  and  y-hydioxy  caiboxylic  ac:ds.  An  attempt  to  employ  that  reaction  to  synthesize  the  aryl  amides 
of  B-hydroxy  carboxylic  acids  met  with  failure,  since  the  malonamLic  ester  reacts  with  organomagnesium  com¬ 
pounds  in  the  enolic  form  and  is  recovered  unchanged  after  the  reaction  mass  has  been  decomposed.  Nor  did 
the  direct  reaction  of  the  ethyl  ester  of  B .  B -diphenyl-B -hydtoxypropionic  acid  with  aromatic  amines  yield 
the  desired  result. 

We  went  into  the  >.eactron  of  aiyl  halogen  magnesylamines  with  esters  m  some  detail  in  order  to  work 
out  a  prepar  ative  method  for  synthesizing  the  aryl  amides  of  B -hydroxy  carboxylic  acids,  described  by  Bodraux  > 

[4]  in  his  synthesis  of  the  aryl  amides  of  carboxylic  and  phenolcarboxylic  acids.  Our  experiments  have  shown 
that  this  reaction  can  be  utilized  fo?  these  purposes,  yie.iding  fully  satisfactory  results.  We  reacted  the  ethyl 
ester  of  6  ,B -diphenyl -B -hydroxy propionic  acid  and  RNHMgX,  where  R  =  o-CHjCgH^;  pH^HjCgH4. 
p-CHjOC(jH4,  P-CJ.H5OC0H4,  a~CijgHj  and  B-CjoHt.  The  reaction  is  as  follows: 

(C6H5)2C(0H)CH2-C00R - -  ■  ■  >•  Mg(OR)X  +  (CsH5),C(OH)CH2-C(NHR')j  — 

dlMgX 

- (C3H5)jC(OH)CH2-CO-NHR’  +  R’NHj  +  Mg(OH)X. 

The  properties  of  The  synthesized  aryl  amides  of  B,  B  -diphenyl  -6  -hydroxypropionic  acid  are  giyen  in  the  uble. 


EXPERIMENTAL 

Anilide  of  B,B-diphenyl"B -hydroxypropionic 
acid.  A  solution  of  9.8  g  (3  moles)  of  freshly  distilled 
aniline  in  30  ml  of  ether  was  added  to  bromomethyl- 
magnesium,  prepared  from  13  g  (3  moles  of  ethyl  bro¬ 
mide  and  2.88  g  of  magnesium  in  30  ml  of  ether.  A 
solution  of  10.8  g  (1  mole)  of  the  ethyl  ester  of  6,B- 
diphenyl  B  hydroxypropionic  acid  in  30  ml  of  ether' 
was  added  to  the  resulting  suspension  or  solution  of 
phenylbromomagnesylamine.  Finally,  the  contents  of 
the  flask  were  boiled  on  a  water  bath  for  1.5  -2  hours. 

After  the  reaction  mass  had  been  decomposed  with  dilute  hydrochloric  acid,  the  precipitate  was  filtered  out,  washed 
on  the  filter  w?th  water  until  its  acM  reaction  with  Congo  red  had  disappeared,  and  arr-hried  Driving  off  the  ether 
yielded  some  more  of  tne  substance.  The  anilide  was  Insoluble  in  water,  slightly  soluble  in  ether,  and  freely  soluble 
in  acetone  and  chlo.roforir.-  When  reacted  with  cone. sulfuric  acid  it  turns  the  acid  yellow,  the  colo?.  gradually 
changing  to  g’een.  CAystailrzation  from  alcohol  yielded  colorless  needles  with  a  m.p.  of  166.5°.  The  yield  was  6  g, 
or  47.3%  of  the  theoretical 


No. 

Formula  of  aicyl  amide 

M.p. 

1 

(C6H5)2C(OH)CH*CONHC6Hg . 

166.5* 

2 

(CeH5)tC(OH)CH2CONHC(.H4PHs-p. . . 

155-156 

3 

(C@H5),C(OH)CH,CONHC(5H4jCH5,-o. . . 

167 

4 

(CeH5)jC(OH)CH2CONHCeH^Hg-p. . 

160 

5 

(CeHg)jC(OH)CH2CONHCsH4pCjH5-p 

166 

6 

(C0H5)2C(OH)CH*CONHCi,H^-a.. .. .. . . 

186 

7 

(CgHsljCfOHlCHiCONHCiiHy-B . . . 

188.5 

*  The  ethyl  ester  o^  B ,  B  <lipne.ayl  B  hyd:  ox:/propiomc  acid  was  prepared  by  a  S.N.Reformatsky  reaction  [5];  its  yield  . 
was  60%  of  the  theoretical  and  its  m.,p.  84°  [6]. 
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When  we  hydrogenated  the  steroid  ketone  (11)  with  a  Pd  caulyst  m  dioxane, 
pound  (ni),  its  oxidation  with  potassium  permanganate  yielding  the  sulfone  (IV); 


we  obtained  the  saturated  com- 


It  is  worthy  of  note  that  the  unsaturated  conde-isation  product  (II)  does  not  form  a  semicarbazone  of  2,4- 
dinitrophenylhydrazone  even  when  heated  for  a  long  '.iire  with  the  respective  reagents,  whereas  the  hydrogenated 
compounds  (III)  and  (IV)  form  2,4  d:in,'t:.'ophienvlhydrazones  fairly  readily. 


EXPERIMENTAL 

The  Initial  diene  (I)  was  prepared  by  splr  tijig  water  from  the  respective  vinyl  alcohol  by  means  of  p- toluene- 
sulfonic  acid  or  potassium  bisulfaie  [1]. 

Condensation  of  the  diene  (I)  with  1,3  himethyl-A^  cyclopencen  5 -one.  1.8£  of  the  diene  (I)  (b.p.  128-129* 
at  11  mm;  1.5430)  was  dissolved  m  33  g  of  dunethylcyclopenienone  (b.p.  164T66*;  np  1.4600  [3],  0.04  g  of 
pyrogallol  was  added,  and  the  solution  was  heated  to  200°  for  5  hours  in  an  atmosphere  of  dry  nitrogen  within  a  steel 
ampoule.  The  dimet.hylcyclopentenone  was  driven  off  in  vacuo,  after  which  0.8  g  of  the  initial  diene  (b.p.  110-120* 
at  8  mm:  n^  1.5290)  was  driven  off.  When  the  ta.rLyr  residue  was  processed  with  methanol  we  obtamed  0.25  g  of 
crude  crystals.  RecrystaTlization.  from  petioieum  ether*  yielded  0.11  g  of  the  condensation  product  (Ha)  or  (T.Ib)  with 
a  m.p.  of  142*. 

5.130  mg  substance;  14.060  mg  COjjt  4.210  mg  1^0;  1.585  mg  SO4.*  5,290  mg  substances  14.520  mg  CO|; 

4.470  mgHjO;  1.670  mg  SO4.  Found  C  74.80.  74.91;  H  9.18,  9.45;  S  10,31,  10.53.  CijM^OS.  Calcu¬ 
lated  <5b:  C  74.95;  H  9.27;  S  10.52. 

0.1  g  of  the  condensation  product  was  refluxed  for  20  hours  in  methanol  with  0.042  g  of  semicarbazide  acet¬ 
ate,  When  the  solution  cooled,  crystals  with  a  m.p.  of  142*  settled  out.  Their  mixed  melting  point  with  the  initial 
subsunce  exhibited  no  deinression. 

A  hydrochloric  acid  solution  of  0.11  g  of  the  condensation  product,  0.07  g  of  2,4-dinitrophenylhydrazone,and 
0.07  g  of  hydrochloric  acid  was  boiled  for  5  hours,  the  condensation  p-roduct  again  being  recovered  unchanged. 

Hydrogenation  of  the  steroid  ketone  (II).  0.29  g  of  the  condensation  product  (II)  (b.p,  142*)  was  hydrogenated 
with  0.3  g  of  a  Pd  caulyst  (PdO  on  CaC03)in  a  solution  of  18  ml  of  absolute  dioxane.  16  ml  of  hydrogen  was  absorbed 
in  7  hours  after  'which  hydrogenation  ceased.  Another  0.3  g  of  the  Pd  caulyst  was  added,  and  hydrogenation  was 
continued  at  100*.  Another  9  ml  of  hydrogen  was  absorbed,  after  which  hydrogenation  ceased.  A  total  of  25  ml  of 
hydrogen  (25*,  737  mm)  was  absorbed.  The  solution  was  filtered,  and  the  dioxane  was  driven  off.  This  yielded  0.23 
g  of  a  saturated  steroid  ketone  (III)  with  a  m.p.  of  ISS.b-lSB"  (from  petroleum  ether).  The  mixed  melting  point  with 
the  initial  substance  (II)  was  116"i28“. 

4.891  mg  substance;  13.160  mg  COj;  3.930  mg  1.480  mg  SO4.  5.110  mg  substance:  13.660  mg  CO^; 

4.210  mg  H^O;  1.550  mg  SO4.  Found  C  73.43,  72.95;  H  8.99,  9.22;  S  10,10,  10.13.  CijHjjOS.  Calcu¬ 
lated  C  74.44;  H  9.86:  S  10.46. 

The  2,4“dinic:ophenylhydr:azone  of  the  steroid  ketone  (ITI)  was  prepared  by  boiLng  an  alcoholic  solution  of 
the  substance  wf  th.  2 ,4  <i.initr.ophenylnydrazine  feydiXM-Moride  for  an  hour;  its  m.p.  wa.s  220-222“  (from  aicohol). 

2.350  mg  subsunce;  0.254  ml  (23“,  752  mm)  Found  <5fc;  N  12.33.  C«H5^04N4S.  Calculaved  N  11.51. 

*  The  subsunce  was  simultaneously  analyzed  for  C,  H.  and  S  by  the  Korshun  and  Shevelova  method  [4]. 
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Oxidizing  the  steroid  ketone  (Ill) .  0.15  g  of  the  substance  (III)  was  dissolved  in  10  ml  of  acetone  and  0.38 
ml  of  10^0  sulfuric  acid  was  added  to  the  solution,  which  was  then  cooled  with  ice  water  and  agitated  while  0.1  g  of 
potassium  permanganate  was  added.  The  precipitated  manganese  dioxide  was  filtered  out  and  washed  with  acetone. 
After  the  acetone  had  been  driven  off,  the  residue  was  found  to  consist  of  crystals  of  the  sulfone  (IV).  whose  m.p.was 
186-186.5*  (from  alcohol). 

4.550  mg  substance?  11.270  mg  CO^;  3.450  mg  1.250  mg  SO4.  4.010  mg  subsunce;  9.910  mg  CQi; 
3.100  mg  H*0;  1.150  mg  SO4.  Found  C  67.60;  67.44;  H  8.48,  8.65;  S  9.17,  9.57.  Ci,H„0,S. 
Calculated  <%%  C  67.41;  H  8.93;  S  9.47. 

The  2,4-dinit’:ophenylhydrazone  of  the  sulfone  (W)  was  partially  formed  when  an  alcoholic  solution  of  the 
sulfone  (IV)  was  reacted  with  2,4d>Jiic.ophenylhydia2ine  hydrochloride  in  the  cold.  When  an  alcoholic  solution  of 
35  mg  of  the  sulfone  (IV)  and  24  mg  of  2,4-<linitroi^enylhydrazine  was  heated,  we  obtained  the  2,4-dinitrophenyl- 
hydrazone  with  a  m.p.  of  265-266*  (from  a  mixture  of  benzene  and  petroleum  ether). 

SUMMARY 

1.  A  diene  condensation  has  been  employed  in  synthesizing  for  the  first  time  the  sulfur  analogs  of  the  steroid 
(Ha)  or  (nb),  which  contain  snlfur  in  the  ).ing^, 

2.  In  the  synthesized  compound  the  A  and  B  rings  are  linked  together  in  the  trans  position,  the  tings  C  and  D 
being  linked  in  the  cis  position. 

3.  The  product  of  the  diene  synthesis  (II)  does  not  yield  the  usual  derivatives  at  the  carbonyl  group,  though 
the  hydrogenated  products  (HI)  and  (IV)  readily  yield  2,4-dinittophenylhydrazones. 
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DERIVATIVES  OF  ACETYLENE 


141.  HETEROCYCLIC  COMPOUNDS 

XVII.  THE  STRUCTURE  OF  TETRAHYDRO-y-THIOPYRONES  AND  THE  MECHANISM  OF  THEIR  FORMATION. 
KIZHNER  REDUCTION  OF  TETRA HYDRO- y-THIOPYRDNES 

I. N.  Nazarov.  I.A.Gutvich,  and  A . I.  Kuznetsova 

In  one  of  our  preceding  reports  we  described  a  new  and  simple  method  of  synthesizing  various  tetrahydro-  y  - 
thiopyrones  by  reacting  allyl  vinyl  ketones  with  hydrogen  sulfide:  O 


R  and  R'  =  hydrogen  or  an  alkyl  group 


We  decided  to  reduc  e  2  methyltetrahydro~l-thiopyran“4-one  (I)  to  the  known  a-methylpentamethylene  sul¬ 
fide  (II).  obtained  by  a  Gilshkevich  Tiokhimovsky  reaction  of  sodium  sulfide  with  1,5-dibromohexane,  about  whose 
six-membered  ring  structure  there  is  no  doubt  [2],  in  order  to  establish  the  structure  of  the  tetrahydrO"  y  -thiopyrones 
we  had  synthesized; 


The  Clemmensen  method  has  been  employed  in  most  of  the  known  instances  of  the  reduction  of  tetrahydro- 
y  -thiopyrones  to  tetrahydrothiopyrans.  This  was  the  method  used  to  reduce  2,6-diphenyltetrahydro-l,4-thiopyione 
[3],  2,2,6,6-tetramethyltetrahydio-l,4-thiopyrone  [4],  as  well  as  several  thiochroma nones  [5],  thiophene  ketones  [6], 
and  homothiochromanone  [7]  to  the  respective  thiopyrans. 

Instances  are  also  known,  however,  of  the  reduction  of  aldehydes  and  ketones  of  the  thiophene  [8]  and  thi- 
oxanthone  [9]  series  by  the  Kizhner  method.  This  method  has  also  been  utilized  in  reducing  the  dimer  of  acrolein, 
which  is  an  aldehyde  of  the  pyran  series  [10].  We  tried  to  reduce  2-methyltetrahydro-l“thiopyran-4-one  (I)  by  the 
Clemmensen  method,  using  alcohol  as  the  solvent,  but  the  main  result  we  secured  was  rupture  of  the  ring. 

Then  we  resorted  to  the  Kizhner  method  to  reduce  the  tetrahydro- y  -thiopyrones.  The  reaction  was  carried 
out  in  ethylene  glycol  without  precipitating  a  hydrazone.  Reducing  2'^nethyltetrahydro  i  thropyran-^  one  (I)  by  the 
Kizhner  method  yielded  2-methylt.etrahydrothiopyran  (II),  the  yield  being  62®?l>.  The  constants  of  the  synthesized 
thiopyran  (II) .the  meltmg  point  of  the  corresponding  sulfone,  and  the  sublimation  point  of  its  methiodide,  all 
agreed  with  the  constants  for  a-methylpentamethylene  sulfide  given  in  the  literature  [2]  We  have  therefore  shown 
that  the  cyclic  sulfur  containing  ketone  synthesized  by  reacting  allyl  vinyl  ketone  with  hyd?;oge,n  sulfide  actually 
has  a  six-membesed  ring  structure. 

When  we  reduced  2,5  dimethyltetrahydro-l-thiopyran-4-one  (III)  by  the  Kizhner  meLhod,  we  secured  a  61*^ 
yield  of  2,5'^imethyltetrahydroth3.opyran  (IV),  oxidation  of  which  with  potassium  permanganate  yielded  a  liquid 
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sulfone.  The  crystalline  derivatives  of  the  thiopyran  (IV)  with  methyl  iodide  and  mercaric  chloride  were  likewise 
obtained; 


The  formation  of  a  six  membered  rMopY;.an  when  ally!  vinyl  ketones  are  acted  upon  by  hydrogen  sul¬ 
fide  has  also  been  demonstrated  in  bicyclic  systems. 

The  product  of  the  diene  condensation  of  2  metbylthiopyxone  dioxide  with  butadiene  yields  the  sulfone  (VI) 
upon  reduction  in  an  acid  medium;  this  sulfone  was  p  eviousiy  obtained  by  reacting  hydrogen  sulfide  with  allyl  A*- 
cyclohexenyl  ketone-  followed  by  otttjdizmg  the  tesutrant  ^Mocteomanone  (V); 


The  six-raembered  structure  of  the  thiopyrone  (I)  thus  leads  to  a  six-membered  structure  for  the  sulfur-containing 
ring  of  die  hexahydiothiochromanone  (V). 

These  findings,  together  with  the  conversion  of  several  tetrahydro-y  -thiopyrones  into  thiopyrone  dioxides 
that  we  have  carried  out  recently  and  the  behavior  of  the  latter  in  a  diene  synthesis  incontrovertibly  prove  the  six- 
membered  structure  of  the  sulfur-containing  heterocyclic  compounds  we  have  synthesized  by  adding  hydrogen  sul¬ 
fide  to  allyl  vinyl  ketones  and  divinyl  ketones. 

As  we  had  established  previously  [1],  the  yield  of  tetrahydro-y  -thiopyrones  is  as  high  as  70<5J>  when  allyl  vin¬ 
yl  ketones  are  reacted  with  hydrogen  sulfide.  The  yield  of  2-methylteuahydro-l  thlopyran-d-one  (I)  was  only  30^, 
however.  The  reason  for  so  low  a  yield  in  this  Insiance  was  the  formation  of  large  quantities  of  a  polymer  of  the 
unsaturated  ketone  (VII).  We  found  that  formation  of  the  polymer  promoted  an  Interruption  of  the  reaction  between 
the  suge  in  which  the  ketothiol  was  formed  and  that  in  which  it  was  cyclized.  By  effecting  cyclizatlon  as  soon  as 
the  ketothiol  had  been  synthesized  we  secured  a  65^  yield  of  the  2  'methyltetrahydrothiopyrone  (I). 

Analysis  of  the  polymer  indicated  that  it  was  the  triraer  of  the  unsaturated  ketothiol  (VII).  The  polymei  ex¬ 
hibited  the  qualitative  reactions  for  the  sulfhydryl  group  with  nitrous  acid  and  sodi.um  maoiausside.  When  the  poly¬ 
mer  (Vni)  was  boiled  with  a  dilute  solution  of  an  alcoholic  alkali,  it  was  partraliy  cleaved,  yielding  the  ketothiol 
(Vn)  and  then  cyclizing  it  to  the  thiopyrone  ()),  which  we  found  in  the  reaction  products.  We  had  previotisly 
observed  this  sort  of  cleavage  of  a  sulfide  when  it  was  boiled  in  dilute  alcoholic,  solutions  of  an  alkali  [11];  it 
pointed  to  the  presence  of  sulfide  bonds  in  the  polymer  (VEJ).  Our  results  enable  us  to  picture  the  reaction 
Involved  in  the  formation  of  2"ineth;yltetrahydro-l  -thiopyran-d-one  as  follows; 
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The  first  stage  of  the  addition  of  hydrogen  sulfide  to  an  allyl  vinyl  ketone  is  the  formation  of  the  unsaturated 
ketothiol  (VII),  which  is  readily  cyclized  to  2^nethyltetrahydro-l-thiopyran-4-one  (I)  by  heating  it  with  sodium  acet¬ 
ate  and  is  polymerized  in  the  cold  to  the  product  (VIII). 


As  Nazarov  and  Kuznetsova  had  shown  previously  [12],  6,6-dimethyl  divinyl  ketone  behaves  similarly  in  a 
reaction  with  hydrogen  sulfide.  This  yields  an  unsaturated  ketothiol  (IX),  which  is  cyclized  to  2,2-dimethyltettahyd- 
ro-l,4-thiopyrone  (X)  when  heated  with  sodium  acetate  and  is  converted  to  the  corresponding  polymer  when  stored. 


This  is  not  the  only  possible  way  of  producing  tetrahydro- y -thiopyrones  from  unsaturated  ketones,  however. 
As  we  know,  allyl  isopropenyl  ketone  can  add  two  molecules  of  hydrogen  sulfide  under  these  conditions,  the  resultant 
ketodithiol  (XI)  being  stable  in  the  cold,  though  it  is  readily  cyclized  when  heated  in  an  alkaline  medium,  giving 
off  hydrogen  sulfide: 


A 

,^C  CH,  CH,-CH 


(XI) 


2-Methyltetrahydro“l“thiopyran-4-one  (I),  a)  10  g  of  anhydrous  sodium  acetate  was  dissolved  in  200  ml  of 
96^^  alcohol,  the  flask  was  immersed  in  ice  water,  and  hydrogen  sulfide  was  passed  through  the  solution  for  30  min¬ 
utes.  Then  12  g  of  vinyl  allyl  ketone  (b.p.  60 -€2*  at  28  mmj  1.4690)  [13]  was  added  to  the  solution  in  the  course 
of  20  minutes,  with  continuous  stirring  and  the  hydrogen  sulfide  passing  through  the  solution  continuously  [13].  Hyd¬ 
rogen  sulfide  was  passed  through  for  30  more  minutes  after  the  vinyl  allyl  ketone  had  been  added,  and  then  the  solu¬ 
tion  was  refluxed  for  5  hours.  The  mercaptan  odor  disappeared.  The  alcohol  was  driven  off  on  a  water  badi,  30  ml 
of  water  was  added,  and  the  ixoduct  was  extracted  with  ether,  washed  with  water,  dried  with  sodium  sulfate,  and 
distilled  in  vacuo.  This  yielded  10.5  g  of  the  previously  described  [1]  2-methyltetrahydro-l-thiopyran-4-one  (I), 
with  a  b.p.  of  84-65*  at  13  mm,  n*^  1.5090,  representing  of  the  theoretical  yield. 

b)  6  g  of  anhydrous  sodium  acetate  was  dissolved  in  200  ml  of  alcohol,  and  the  solution  was  saturated  with 
hydrogen  sulfide  at  0*.  The  solution  was  continuously  stined  for  one  hour  with  uninterrupted  passage  of  the  hydrogen 
sulfide  while  25.5  g  of  vinyl  allyl  ketone  was  added.  Then  hydrogen  sulfide  was  passed  through  for  another  4  hours, 
and  the  solution  was  allowed  to  stand  overnight.  A  transparent,  viscous  layer  of  resin  formed  on  the  bottom  of  the 
flask.  Another  200  ml  of  alcohol  and  4  g  of  sodium  acetate  were  added,  and  the  solution  was  boiled  for  8  hours. 

After  the  solution  had  cooled,  it  was  decanted  from  the  resin  and  processed  as  described  in  the  preceding  experiment. 
This  yielded  5.4  g  of  2-methyltetrahydrothlopyrone  (I),  b.p.  70.5-72*  at  8.5  mm;  np  1.5094.  12  g  of  a  polymer¬ 

ized  residue,  which  decomposed  when  heated,  was  left  in  the  distilling  flask.  The  transparent  resin  secured  after  the 
solution  had  been  boiled  was  washed  with  water  and  acetone,  filtered,  and  dried  over  phosphoric  anhydride  in  a  vac¬ 
uum  desiccator.  The  resultant  viscous,  transparent  resin  was  sparingly  soluble  in  the  usual  solvents,  exhibited  a 
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qualitative  reaction  for  the  sulfhydryl  group  with  nitric  acid  (green  coloration)  and  sodium  nitroprusside  (crimson 
coloration),  and  was  a  polymer  of  the  unsaturated  ketothiol  (VII),  with  triple  its  molecular  weight: 

0.1196  g  substance:  17.00  g  dioxane:  At  0.082*.  0.1600  g  substance;  16.25  g  dioxane:  At  0.112*.  4.220  mg 

substance:  8.625  mg  COj;  3.050  mg  HjO;  2.970  mg  SO4.  4.095  mg  substance;  8.378  mg  COj;,  2.990  mg 

H,0;  2.861  mg  SO4.  Found  C  55.77,  55.83;  H  8.08,  8.17;  S  23.46,  23.42.  M  394.6,  404.3. 

(CeHuOS)s.  Calculated  <5b:  C  55.35;  H  7.74;  S  24.63.  M  390.6. 

Cleavage  of  the  polymer  of  (VII).  4  g  of  the  polymer  (VIE)  of  the  unsaturated  ketothiol  was  refluxed  for  8 
hours  with  40  ml  of  alcohol  that  contained  0.08  g  of  potassium  hydroxide  (0.2^  of  the  solution).  When  the  alcoholic 
solution  had  cooled,  it  was  decanted  from  the  resin,  the  alcohol  was  driven  off,  and  the  residue  was  treated  in  the 
customary  manner.  Distillation  yielded  0.7  g  of  2-methyltetrahydrothiopyran-4-one  (I),  b.p.  88-89*  at  14.5  mm; 
n*5  1.5060. 

2-Methyltetrahydrothiopyran  (E).  (a-Methylpentamethylene  sulfide).  6.5  g  of  2-methyltetrahydro-l-thio- 
pyran-4-one  (I)  (b.p.  59-60*  at  6  mm;  n|j  1.5094),  40  ml  of  ethylene  glycol,  and  10  ml  of  hydrazine  hydrate  were 
placed  in  a  three-necked  round-bottomed  flask,  fitted  with  a  thermometer  immersed  in  the  liquid  and  a  descending 
condenser.  The  solution  was  heated  to  130-160*,  about  5  ml  of  a  cloudy  liquid  being  driven  off.  Then  the  solution 
was  cooled  to  40*,  and  6  g  of  fused  potassium  hydroxide  was  added.  The  descending  condenser  was  replaced  by  a 
reflux  condenser  and  the  flask  was  heated  on  a  metallic  bath  at  140-170*  (125-142*  within  the  liquid)  for  6  hours 
until  no  mote  nitrogen  was  evolved.  The  2-methyltetrahydrothiopyran  (II)  was  distilled  from  the  reaction  mixture, 
and  the  distillate  was  extracted  with  ether.  The  ether  extract  was  dried  with  calcium  chloride,  and  the  product  was 
fractionated  at  atmospheric  pressure.  This  yielded  3.6  g  of  a  colorless,  volatile  liquid,  b.p.  150-152.5*,  constituting 
%V]o  of  the  theoretical  yield.  After  the  substance  had  been  distUled  over  sodium,  its  consunts  were  as  follows:  b.p. 
150.5-151.5*  at  755  mm;  ng  1.4902;  ng-®  1.4910;  dj*  0.9406;  dj*-®  0.9438;  MR  35.73,  35.66;  calc.  35.68. 

5.910  mg  substance;  13.435  mg  CO^;  5.527  mg  HjO;  4.870  mg  SO4.  6.348  mg  substance;  14.463  mg  COj{; 

5.970  mg  HjO;  5.215  mg  SO4.  4.662  mg  substance:  10.590  mg  COj;  4.333  mg  HjO.  Found  ’’Jo:  C  62.04, 

62.17,61.99;  H  10.46,  10.52,  10.40;  8  27.50,27.42.  Calculated '?i»;  C  62.04;  H  10.41;  S  27.58. 

Methiodide  of  2-methyltetrahydrothiopyran.  0.4  g  of  2-methyltetrahydrothiopyran  (II)  and  0.6  g  of  methyl 
iodide  were  poured  into  a  flask  with  a  ground-glass  stopper.  A  week  later  elongated  needles  of  the  methiodide  were  • 
fUtered  out.  The  methiodide  was  recrystallized  twice  from  a  mixture  of  acetone  and  ether,  after  which  it  sublimed 
at  158-159*  without  melting. 

3.450  mg  substance:  1.335  ml  0.02  N  I|.  Found  ojo:  S  12.40.  CsHuS-CHsl.  Calculated  ^Jo:  S  12.42. 

Compound  of  2-methyltetrahydrothiopyran  with  mercuric  chloride.  Alcoholic  solutions  of  0.4  g  of  2-meth¬ 
yltetrahydrothiopyran  (E)  and  of  0.95  g  of  mercuric  chloride  were  poured  together,  an  abundant  crysulline  precip¬ 
itate  being  thrown  down  at  once.  Double  recrystallization  from  alcohol  yielded  minute  needles,  m.p.  102-102.5*. 

6.030  mg  substance;  1.536  ml  0.02  N  I^.  4.390  mg  substance;  1.145  ml  0.02  N  I2.  Found  S  8.16,  8.17. 

CjHuS-HgClj.  Calculated  ’’jo:  S  8.27. 

2-Methyltetrahydrothiopyran  dioxide.  1  g  of  2-methyltettahydrothiopyran  (II)  was  dissolved  in  60  ml  of 
acetone,  and  the  solution  was  stirred  continuously  and  water  cooled  while  6.1  ml  of  IQPjo  sulfuric  acid  and  2.2  g  of 
powdered  potassium  permanganate  were  added  to  it  during  the  course  of  30  minutes.  Stirring  was  continued  for 
another  hour.  Then  the  manganese  dioxide  was  filtered  out  and  washed  several  times  with  acetone.  Driving  off  the 
solvent  in  vacuo  left  a  residue  of  1  g  of  a  crystalline  sulfone.  Three  recrystallizations  from  a  mixture  of  ether  and 
petroleum  ether  yielded  elongated  needles,  m.p.  68-68.5*. 

4.212  mg  subtance:  7.505  mg  CQj;  3.083  mg  H^O;  2.770  mg  SQ4.  5.640  mg  substance:  10.042  mg  CQj; 

4.133  mg  HjO;  3.650  mg  SO4.  Found  ’’jo:  C  48.63,  48.64;  H  8.19,  8.20;  S  21.95  ,  21.60.  CeHutOjS. 

Calculated  C  48.60;  H  8.15;  S  21.62. 

Dau  in  the  Eterature  [2]  for  a-methylpentamethylene  sulfide:  b.p.  151.4-151.6*  at  750  mm  (corr);  d^*® 
0.944^  n^®  1.4884;  subliming  point  of  the  methiodide:  158-159*;  melting  point  of  the  mercuric  chloride  com¬ 
pound:  97-98*;  melting  point  of  fl-methylpentamethylene  sulfone:  68-68.5*. 

2 , 5- Dimethyltetrahydrothiopyran  (IV).  7.2  g  of  the  previously  described  tetrahydro-l-thiopyran-4-one  (III) 

[1]  (m.p.  71*),  40  ml  of  ethylene  glycol,  and  10  ml  of  hydrazine  hydrate  were  heated  together  to  130-160*  as  de¬ 
scribed  in  the  preceding  experiment  6  ml  of  a  cloudy  liquid  being  distilled  off  in  the  course  of  30  minutes.  Then 
the  solution  was  cooled,  and  5  g  of  fused  potassium  hydroxide  was  added  to  it.  The  reaction  mixture  was  refluxed, 
nitrogen  beginning  to  evolve  when  the  temperature  of  the  liquid  reached  125*.  Heating  was  continued  for  5  hours 
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at  a  solution  temperature  of  143-147*  (bath  temperature  162-167*)  until  no  more  nitrogen  was  given  off.  Then 
the  2, 5-dime thyltetrahydrothiopyran  (IV)  was  distilled  from  the  reaction  mixture,  the  distillate  being  exuacted  with 
ether,  and  the  ether  extract  dried  with  calcium  chloride.  Fractionation  yielded  4  g  of  a  volatile  colorless  liquid,  or 
QV’lo  of  the  theoretical  yield;  b.p.  162-164*.  The  constants  of  the  2,5-dimethyltetrahydrothiopyran  (IV)  were  as 
follows  after  distillation  over  sodium: 

B.p.  163-163.5*;  1.4850;  dj®  0.9230;  MR  40.43;  calculated  40.30. 

4.872  mg  substance:  11.512  mg  COj;  4.725  mg  HjO;  3.570  mg  SO4.  4.420  mg  substance:  10.420  mg  CO^; 

4.250  mg  HjO;  3.240  mg  SO4.  4.628  mg  substance:  10.947  mg  COj;  4.500  mg  HjO.  Found  °lo:  C  64.48, 

64.34,  64.55;  H  10.84,  10.76,  10.88;  S  24.46,  24.47.  C7H14S.  Calculated  C  64.59;  H  10.83;  S  24.62. 

Methiodide  of  2,5-dimethyltetrahydrothiopyran.  0.34  g  of  2,5-dimethyltetrahydrothiopytan  and  0.7  g  of 
methyl  iodide  were  poured  together  in  a  flask  with  a  ground-glass  stopper.  After  a  week  had  elapsed,  the  resulting 
crystals  were  filtered  out  and  recrystallized  from  acetone.  The  methiodide  of  2,5-dimethyltetrahydrothiopytan 
consists  of  colorless  needles  that  sublime  at  141-142*. 

3.050  mg  substance:  1.157  ml  0.02  N  I2.  Found  <>}o:  S  12.15.  C'^j4S'CHsI.  Calculated  ’’jo'.  S  11.78. 

Mercuric  chloride  compound  of  2,5-dimethyltettahydrothiopyran.  Alcoholic  solutions  of  0.4  g  of  2,5- 
dimethyltetrahydrothiopyran  and  of  0.95  g  of  mercuric  chloride  were  poured  together.  An  abundant  crystalline  lae- 
cipitate  was  thrown  down  at  once.  Double  recrystallization  from  alcohol  yielded  minute  needles  with  a  m.p.  of  121- 
121.5*. 

5.650  mg  substance:  1.343  ml  0.02  N  Ij.  5.430  mg  substance:  1.322  ml  0.02  N  Found®!?);  S  7.61,  7.80. 

CTHj^S-HgCli.  Calculated  <7o:  S  7.98. 

SUMMARY 

1.  It  has  been  demonstrated  that  the  sulfur  heterocyclic  compounds  produced  by  the  action  of  hydrogen  sul¬ 
fide  upon  vinyl  allyl  ketones  have  a  six-membered  ring. 

2.  Kizhner  reductions  of  the  tetrahydro-  y  -thiopyrones  yielded  60<7o  of  the  respective  tetrahydrothiopyrans. 

3.  The  yield  of  2^llethyltetrahydro-l-thiopyran-4-one  (I)  has  been  improved,  and  a  suggestion  is  made  con¬ 
cerning  the  mechanism  involved  in  its  formation. 
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DERIVATIVES  OF  ACETYLENE 

142.  HETEROCYCLIC  COMPOUNDS 

XVm.  DIENE  SYNTHESIS  BASED  UPON  DIOXIDES  OF 
DISUBSTITUTION  DERIVATIVES  OF  y-THIOPYRONES 

I. N. Nazarov,  I.A.Gurvich,  and  A  .  I.  Kuz  netso  va 


In  our  previous  researches  we  started  out  with  tetrahydro-  y  -thiopyrones  and  prepared  sulfur-containing  cyclic 
dienes,  which  were  used  in  diene  syntheses  to  secure  polycyclic  sulfur  compounds  [1,2]: 


Another  possible  way  of  constructing  sulfur-containing  polycyclic  compounds  based  on  tetrahydro-  y  -thio¬ 
pyrones  consisted  of  preparing  thiopyrone  dioxides  and  using  them  as  the  olefin  constituents  in  a  diene  synthesis: 


In  our  present  research  we  have  secured  several  dioxides  of  substitution  derivatives  of  the  y -thiopyrones  and 
investigated  their  condensation  with  butadiene;  this  yielded  compounds  with  an  angular  methyl  group. 

The  usual  method  of  preparing  dioxides  of  the  y -thiopyrones  involves  the  bromination  of  the  dioxides  of  the 
tetrahydro-  y  -thiopyrones,  followed  by  splitting  off  hydrogen  bromide: 


This  method  was  used  to  secure  the  dioxides  of  thiopyrone  and  dihydrothiopyrone  [3»4],  2,6-dimethylthiopytone  [5], 
2, 6 -diphenyl thiopyrone  [6],  and  of  various  thiochromones  [7].  We  used  this  method  to  secure  several  new  dioxides 
of  substitution  derivatives  of  y-thiopyrones  from  the  dioxides  of  various  tettahydro-  y  -thiopyrones  i»eviously 
described  by  us  [8]. 
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when  two  molecules  of  bromine  were  heated  with  a  solution  of  2*methyltefrahydro-l-thiopyran-4-one  in 
glacial  acetic  acid,  we  obtained  the  corresponding  cyclic  dibromoketosulfone  (I),  the  yield  being  86<^.  A  quantita¬ 
tive  yield  of  die  cyclic  dibromoketosulfone  (II)  was  similarly  prepared  from  the  dioxide  of  2,5-dimethyltetrahydro- 
l-thiopyran-4-one.  The  action  of  one  molecule  of  bromine  upon  2,5-tetrahydro-l-thiopyran-4-one  under  the  same 
conditions  yielded  a  mixture  of  the  isomeric  monobromoketosulfones  (III)  and  (IV),  the  yield  being  88f^.  When  one 
molecule  of  bromine  was  reacted  with  a  solution  of  2,5-dimethyltetrahydro-l-thiopyran-4-one  at  room  temperature, 
with  hydrogen  bromide  present  as  a  catalyst,  we  secured  a  mixture  of  the  monobromides  (III)  and  (IV),  with  a  lower 
yield,  though  the  product  that  predominated  in  this  latter  mixture  was  the  tertiary  monobromoketosulfone  (IV). 

Bromination  of  the  dioxide  of  trans-2-methylhexahydro-l-thiochroman-4-one  with  two  molecules  or  one 
molecule  of  bromine  yielded,  respectively,  the  bicyclic  dibromosulfone  (V),  the  yield  being  91*70,  and  the  mono- 
bromosulfone  (VI),  the  yield  being  60P}o,  both  belonging  to  the  trans  series  of  compounds. 

All  the  cyclic  bromoketosulfones  (I-VI)  we  have  synthesized  are  colorless  crystalline  substances  that  are 
stable  in  the  pure  state  when  kept  for  a  long  time. 

Splitting  hydrogen  bromine  from  the  bromoketosulfones  (I-VI)  by  means  of  sodium  acetate  in  boiling  acetone 
produced  dioxides  of  the  y -thiopyrones  (VII-XII),  the  yields  ranging  from  70  to  SO'^k: 


(Vn)  (VUI)  (IX)  (X)  (XI)  (XII) 


The  bicyclic  sulfone  (XII),  produced  by  splitting  hydrogen  bromide  out  of  the  bromosulfone  (VI),  has  a 
trans  configuration. 

The  properties  of  the  synthesized  dioxides  of  the  y  -thiopyrones  resemble  those  of  the  1,4-benzoquinones. 
The  sulfones  (VII-X)  cause  sneezing.  The  sulfones  (VII),  (VIII),  and  (XI)  have  a  lemon-yellow  color.  The  sulfones 
(VU)  and  (VIII)  stain  the  skin  yellow.  The  oxime  of  the  sulfone  (VIII)  is  also  a  colored  compound. 

We  know  that  unsaturated  a, 6- sulfones  enter  into  condensation  with  1,3-dienes  like  the  unsaturated  a,&- 
ketones  [9]. 

The  dioxide  of  1,4-thiopytone  [4]  reacts  with  butadiene  extremely  readily,  resembling  quinone  in  this 
respect.  The  dioxides  of  the  substituted  y  -thiopyrones  we  synthesized  (VU-IX)  likewise  condense  readily  with 
butadiene,  though  the  temperatures  required  are  higher.  When  the  sulfone  (VII)  is  dissolved  in  dioxane  and  heated 
to  150*  for  4-5  hours  in  a  steel  ampoule  together  with  an  excess  of  divinyl,  we  get  cis“2-methyl-6,8,9,10-tetrahydro- 
l-thiochtomen-4-one  (XIII),  the  yield  being  92Pjo: 


Raising  the  temperature  to  200®  does  not  affect  this  result:  the  condensation  products  exhibit  no  signs  of 
thioxanthone  derivatives,  which  might  have  been  produced  by  the  addition  of  two  molecules  of  divinyl  to  the 
sulfone  (Vn). 


1046 


The  sulfone  (Vm)  condenses  with  butadiene  at  200*,  producing  a  yield  of  61'5t  of  the  dioxide  of  ci8-2,10“ 
dimethyl-6,8. 9, lO-tetrahydro-l-thiochromen-  4-one  (XIV).  At  150*  a  large  part  of  the  initial  sulfone  (Vm)  is  re¬ 
covered  from  the  reaction: 


(Vni)  (XIV) 

The  sulfone  (IX)  also  reacts  with  butadiene  at  200* ,  producing  two  stereoisomeric  dioxides  of  cis-2, 10-dimethyl 
5,8,9,10-tetrahydro-l-thiochroman-4-one  (XV),  the  overall  yield  being  65^: 


(XVb) 


At  150*  the  sulfone  (IX)  does  not  react  with  divinyl,  being  recovered  fi:om  the  reaction  unchanged.  The  sul¬ 
fone  (X)  does  not  react  with  butadiene  at  all,  even  at  200*. 

These  results  may  be  compared  with  the  findings  on  the  condensation  of  buudiene  with  substitution  deriva¬ 
tives  of  the  quinones.  Though  benzoquinone  itself  can  be  readily  condensed  with  two  molecules  of  butadiene  [10], 
2-methyl-l,4-benzoquinone  reacts  with  only  one  molecule  of  butadiene  at  temperatures  up  to  110*,  while  in  the  case 
of  2,5*dimethyl-l,4-benzoquinone,  which  does  enter  into  condensation  with  two  molecules  of  butadiene  at  tempera¬ 
tures  in  excess  of  100*,  the  cohdensation  product  containing  one  molecule  of  buudiene  ix^edominates  [12]. 

Thus,  the  presence  of  substituents  in  thiopyrone  dioxides  hampers  their  condensation  with  buudiene,  as  in 
the  case  of  the  quinones.  Our  findings  indicate  that  the  position  of  the  substituent  in  the  thiopyrone  ring  is  of  major 
importance  for  the  diene  condensation.  The  iiubility  of  the  sulfone  (XIU),  or  of  the  similarly  constmcted  sulfone 
(XIV),  to  enter  into  diene  synthesis  with  a  second  molecule  of  butadiene  is  due  to  the  presence  of  a  substituent  at 
the  2  position.  This  assumption  is  borne  out  by  the  fact  that  one  of  the  dihydrothiopyrone  dioxides  (X)  also  fails  to 
enter  into  diene  synthesis  at  200*,  whereas  the  dioxides  (VIII)  and  (IX),  which  are  substituted  at  the  5  position, 
react  with  buudiene  readily  at  200*. 

Hence,  the  presence  of  methyl  groups  at  the  a -position  to  the  ketone  group  merely  hampers  the  reaction, 
while  the  paresence  of  substituents  at  the  a -position  to  the  sulfone  group  renders  the  condensation  of  thiopyrone 
dioxides  with  buudiene  impossible,  even  at  200*. 


EXPERIMENTAL 

The  initial  sulfones  were  prepared  by  oxidizing  tetrahydro-  y-thiopyrones  with  poussium  permanganate  in 
acetone  [8]. 

I.  Bromination  of  Dioxides  of  Tetrahydro- y -thiopyrones 

Dioxide  of  3,5-dibromo-2-methyltetrahydro-l-thiopyran-4-one  (I).  4.4  g  of  2-methyltetrahydro-l-thiopyran- 

4-one  dioxide  (m.p  79-80*)  and  50  ml  of  glacial  acetic  acid  were  placed  in  a  three-necked  round-bottomed  flask, 
then  4.1  g  of  bromine  was  poured  into  the  resulting  solution.  The  solution  was  heated  to  65-67*  on  a  water  bath 
with  vigorous  stirring.  At  that  temperature  the  solution  was  decolorized  instanuneously.  The  bath  was  taken  away, 
and  another  4  g  of  bromine  was  added.  As  the  solution  cooled,  6  g  of  the  dibromide  settled  out,  while  another  1.5 
g  of  the  dlbromide  settled  out  when  part  of  the  acetic  acid  was  driven  off  in  vacuo  (30-40  mm).  The  product  tot¬ 
aled  7.5  g,  or  80'5l>  of  the  theoretical  yield.  The  dibromoketosulfone  (I)  consisted  of  colorless  crystals  with  a  m.p. 
of  219-219.5*  (from  acetic  acid). 
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2.860  mg  substance;  2.366  mg  CO^;  0.610  mg  1^0.  6.911  mg  substance;  4.896  mg  CQj;  1.366  mg  1^0; 

4.746  mg  SO4 +Br*.  Found  ofe;  C  22.47,  22.60;  H  2.38,  2.67;  S  10.13;  Br  60.26.  CjHjOjSBrj.  Calculated 
C  22.62;  H  2.63;  S  10.02;  Br  49.94. 

Dioxide  of  3,6-dibromo-2,6<[lmethyltetrahydro-l-thiopyran~4-one  (II).  10  g  of  2,5-diraethyltetrahydro-l- 
thiopyran-4-one  dioxide  (m.p.l38*)  was  dissolved  in  80  ml  of  glacial  acetic  acid.  The  solution  was  heated  to  65* 
and  vigorously  stirred  while  18  g  of  bromine  in  20  ml  of  glacial  acetic  acid  was  added  to  it  a  drop  at  a  time  during 
the  course  of  2  houxs.  (Each  drop  was  added  only  after  the  solution  had  been  decolorized  again).  Then  the  solution 
was  allowed  to  stand  overnight.  The  next  day  12  g  of  the  dibromide  was  filtered  out,  another  3.1  g  of  the  dibromide 
settling  out  after  part  of  the  acetic  acid  had  been  driven  off  in  vacuo  at  50  mm.  Driving  off  all  the  solvent  yielded 
another  3.6  g  of  the  dibromide  in  the  residue.  Thus  the  dibromide  (II)  produced  totaled  18.6  g,  which  was  nearly 
the  quantitative  yield.  The  dibromoketosulfone  (II)  consisted  of  colorless  crystals  with  a  m.p.  of  184.5-185*  (from 
acetone). 

31.621  mg  substance:  0.9411  ml  0.02  N  AgNOg.  22.830  mg  substance:  0.6802  ml  0.02  N  AgNOg. 

4.688  mg  substance;  1.381  ml  0.02  N  If.  4.503  mg  subsunce;  1.321  ml  0.02  N  Ig.  Found  Br  41.51, 

47.62;  S  9.64,  9.40.  CjHjgOgSBrj.  Calculated  Br  47.85;  S  9.60. 

Dioxides  of  3-bromo-2,5-dimethyltetrahydro-l-thiopyran-4-one  (III)  and  5-bromo-2,5-dimethyltetrahydio-l“ 
thiopyran-4-one  (IV).  a)  6.8  g  of  2,5-dimethyltetrahydro-l-thiopyran-4-one  dioxide  (m.p.  138^)  was  dissolved  in  130 
ml  of  glacial  acetic  acid,  and  6.2  g  of  bromine  was  poured  into  the  solution.  The  solution  was  vigorously  stirred 
while  being  heated  to  63-65*,  at  which  temperature  the  solution  was  decolorized  instantaneously.  The  solution 
was  cooled  and  set  aside  to  sund  overnight.  The  next  day  2.9  g  of  a  crystalline  dibromide  with  a  m.p.  of  about 
200*  was  filtered  out  of  the  reaction  mass.  Then  the  acetic  acid  was  gradually  driven  off  at  a  30^m  vacuum,  and 
another  7. 9  g  of  bromide  crystals  was  collected  fractionally.  The  crystals  collected  constituted  a  mixture  of  the 
bromides  (HI)  and  (IV),  which  was  separated  into  two  fractions  by  fractional  crystallization.  The  6  g  of  crystals  in 
the  first  fraction  fused  at  about  200*.  Two  recrystallizations  from  acetone  yielded  the  bromoketosulfone  (III)  with  a 
m.p.  of  195-200*. 

23.410  mg  subs.:  0.4588  ml  0.02  N  AgNOg.  25.900  mg  subs.;  0.5042  ml  0.02  N  AgNOg.  3.456  mg  subs.: 

1.330  ml  0.02  N  Ij.  3.970  mg  subs.;  1.539  ml  0.02  N  Ig.  Found  Br  31.26,  31.09;  S  12.34,  12.42. 

CgHuOgSBr.  Calculated  «/o:  Br  31.32;  S  12.56. 

The  second  crystal  fraction,  totaling  4.3  g,  fused  at  130-135*.  Six  recrystallizations  from  acetic  acid  and 
alcohol  yielded  the  bromoketosulfone  (IV)  with  a  m.p.  of  144-145*. 

22.876  mg  subs.:  0.4392  ml  0.02  N  AgNOg.  26.064  mg  subs.:  0.5038  ml  0.02  N  AgNOg.  Found  ‘jfc;  Br 

30.78,  30.90.  CgHiiOgSBr.  Calculated  <70:  Br  31.32. 

The  aggregate  yield  of  the  isomeric  bromosulfones  totaled  10.8  g,  representing  88%  of  the  theoretical  yield. 

b)  8.8  g  of  2,5-diraethyltetrahydro-l-thiopyran-4-one  dioxide  (m.p.  138*)  was  dissolved  in  100  ml  of  glacial 
acetic  acid,  and  1  ml  of  a  4N  solution  of  hydrogen  bromide  in  glacial  acetic  acid  was  added.  The  solution  was  vig¬ 
orously  stirred  for  2  hours  while  7.9  g  of  bromine  in  20  ml  of  acetic  acid  was  added.  Then  much  of  the  acetic  acid 
was  driven  off  at  a  25-30  mm  vacuum.  This  yielded  a  mixture  of  the  bromides  (III)  and  (IV),  from  which  1.5  g  of 
the  high-melting  bromide  (HI)  with  a  m.p.  of  199-200*  was  isolated.  The  residual  mass  fused  at  from  100*  to  136*, 
1.4  g  of  the  low-melting  monobromide  (IV),  with  a  m.p.  of  144-145*,  being  isolated  from  it  by  fractional  crystalli¬ 
zation  from  alcohol.  In  addition,  we  secured  2.9  g  of  a  fraction  with  a  m.p.  of  124-135*  plus  2.5  g  with  a  m.p.  of 
105-110*.  When  sodium  acetate  was  used  to  split  HBr  from  the  last  two  fractions  (see  below),  we  secured  1.9  g  of 
the  sulfone  (IX), corresponding  to  the  low-melting  monobromide  (IV). 

Dioxide  of  3,5-dibromo-2-methylhexahydro-l-thiochroman-4-one  (V).  5  g  of  2-methylhexahydro-l-thio- 

chroman-4-one  dioxide  (m.p.  157-158*)  was  dissolved  in  40  ml  of  glacial  acetic  acid,  7.5  g  of  bromine  was  added 
to  the  solution,  and  the  whole  was  vigorously  stirred  while  it  was  heated  to  85*.  The  solution  was  instantaneously 
decolorized  at  that  temperature.  As  the  solution  cooled,  6.2  g  of  the  dibromide  settled  out.  Another  1.75  g  of  the 
dibromide  settled  out  when  part  of  the  acetic  acid  was  driven  off  in  vacuo.  The  total  yield  was  7. 9  g,  or  91%  of 
the  theoretical.  The  dibromosulfone  (V)  consisted  of  colorless  crystals  with  a  m.p.  of  186-187*  (from  alcohol). 

8.144  mg  subs.;  9.492  mg  CO,;  2.815  mg  H,0;  5.610  mg  SO4  +  Br.  Found  %;  C  31.81;  H  3.87;  S  8.75; 

Br  43.21.  Ci,HMO,SBijf.  Calculated  %:  C  32.10;  H  3.77;  S  8.57;  Br  42.72. 

*  The  analysis  was  performed  by  the  M.O.Korshun  method,  the  percentages  of  Br  and  S  being  found  from  the  total 
gain  in  weight  [13]. 
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In  another  test  in  which  the  bronniine  was  added  portionwise,  17%  of  the  monobromide  (VI)  was  secured  in 
addition  to  the  dibromide  (V) 

Dioxide  of  3-bromo-2-methylhexahydro-l-thiochroman-4-one  (VI).  4.3  grams  of  2Hiiethylhexahydro- 
l-thiochroman-4-one  dioxide  (m.p.  157-158*)  was  dissolved  in  50  ml  of  glacial  acetic  acid,  and  3.2  g  of  bro¬ 
mine  was  added  to  the  solution.  The  solution  was  vigorously  stirred  as  it  was  heated  to  74*.  at  which  tempera¬ 
ture  it  was  instantaneously  decolorized.  As  the  solution  cooled,  2.4  g  of  the  monobromide  (VI),  with  an  m.p. 
of  approximately  215*,  settled  out.  Another  1.5  g  of  crystals  of  the  monobromide,  with  an  m.p.  of  202*, 
settled  out  when  part  of  the  acetic  acid  was  driven  off  in  vacuo.  The  monobromide  totaled  3.4  g,  represent¬ 
ing  QVh  of  the  theoretical. 

The  bromosulfone  (VI)  consisted  of  colorless  crystals  with  an  m.p.  of  215-216*  (from  alcohol). 

4.194  mg  substance:  6.210  mg  COj*.  1.895  mg  HjO.  3.370  mg  substance:  5.010  mg  CO|;  1.520  mg 

HjO;  2.005  mg  SO4  +  Br.  Found  <70:  C  40.57,  40.56;  H  5.06  5.05;  S  10.82;  Br  26.96.  CjoHuOjSBr. 

Calculated  <70:  C  40.57;  H  5.12;  S  10.86;  Br  27.06. 

II.  Splitting  Hydrogen  Bromide  Out  of  the  Brominated  Dioxides  of  Tetrahydro- 
Y  -  thiopyrones. 

Dioxide  of  2-methyl-l-thiopyran-4-one  (VH).  8  grams  of  anhydrous  sodium  acetate* and  150  ml  of 
acetone  were  placed  in  a  three-necked  round-bottomed  flask  fitted  with  a  stirrer  and  a  reflux  condenser. 

The  suspension  was  vigorously  stirred  as  it  was  heated  on  a  water  bath  to  the  boiling  pdnt  of  acetone,  and  a 
suspension  of  6  g  of  the  dibromosulfone  (I)  in  100  ml  of  acetone  was  poured  into  the  flask  during  the  course 
of  an  hour.  Then  boiling  was  continued  for  another  half-hour.  The  liquid  turned  brown.  After  it  had  cooled 
the  sodium  bromide  was  filtered  out,  and  the  solution  was  acidulated  with  strong  hydrochloric  acid  until  i  t 
was  clarified.  Then  the  sodium  chloride  was  filtered  out,  and  the  acetone  was  driven  off,  the  residue  crys¬ 
tallizing.  This  yielded  2.5  g  of  the  sulfone  (VII).  Two  recrystallizations  from  alcohol  yielded  2.2  g  of  the 
pure  substance  with  an  m.p.  of  141-141.5*  (72^  of  the  theoretical  yield). 

4.035  mg  substance;  6.785  mg  COj;  1.460  mg  HjO;  2.450  mg  SO4.  Found  *51):  C  45.90;  H  4.05; 

8  20,27.  CjHjpjS.  Calculated  <70:  C  45.75;  H  3.83:  S  20.27. 

Dioxide  of  2.5-dimethyl-lHhiopyran-4-one  (VIII).  8.8  grams  of  the  dibromosulfone  (II),  10.8  g  of 
sodium  acetate ,  and  50  ml  of  acetone  were  stirred  and  heated  together  for  one  hour  on  a  water  bath 
(60-65*).  Then  the  solution  was  cooled  and  treated  as  described  in  the  preceding  experiment.  This  yielded 
4.1  g  of  crude  crystals.  Two  recrystallizations  from  alcohol  yielded  3.4  g  of  pure  crystals  of  the  sulfone 
(VIII),  with  an  m.p.  of  139*  yield). 

4.675  mg  substance:  8.365  mg  CO^;  2.048  mg  HjO.  4.325  mg  substance:  7.720  mg  COj;  1.848  mg 

H|0.  5.790  mg  substance:  10.362  mg  COj;  2.495  mg  HjO;  3.250  mg  SO4.  Found  *1^:  C  48.83,  48.69. 

48.84;  H  4.90  ,  4.77,  4.82;  S  18.74.  CtH^jS.  Calculated  ojo:  C  48.84;  H  4.68;  S  19.06. 

Heating  an  alcoholic  solution  of  the  sulfone  (VIII)  with  hydroxy lamine  hydrochloride  yielded  the  oxime 
with  an  m.p.  of  177.5-178*  (from  water). 

3.827  mg  substance:  0.259  ml  N*  (23*,  738  mm).  5.942  mg  substance:  0.400  ml  N2  (21*,  734  mm). 

Found  <7o:  N  7.58,  7.48.  CtHjOjNS.  Calculated  <7):  N  7.48. 

Dioxide  of  2,5-dimethyl-2.3-dihydro-l-thiopyran-4-one  (IX).  1.3  grams  of  the  bromosujfone  (IV) 

(m.p.  141-143*),  0.9  g  of  anhydrous  sodium  acetate  and  25  ml  of  acetone  were  stirred  together  for  one  hour 
on  a  water  bath  at  60-65*.  The  test  product  was  then  processed  like  the  preceding  one.  Recrystallization 
from  alcohol  yielded  0.6  g  of  the  sulfone  (IX)  with  an  m.p.  of  112.5-113*  (6e^b  yield). 

5.221  mg  substance:  9.258  mg  COj;  2,800  mg  HjO;  2.880  mg  SO4.  4.773  mg  substance:  8.468  mg  COj; 

2.491  mg  HjO;  2.625  mg  SO4.  Found  <70;  C  48.39,  48.42;  H  6.00.  5.84;  S  18.41,  18.40.  CyHiiO^. 

Calculated  '7»;  C  48.28;  H  5.75;  S  18.41. 

The  semicarbazone  of  the  sulfone  (IX)  had  an  m.p.  of  232-233*  (from  water). 

Dioxide  of  2.5-dimeth^-5,6-dihydro-l-thiopyran-4-one  (X).  1.5  grams  of  the  bromosulfone  (III) 

(m.p.  199-200*),  25  ml  of  acetone,  and  1  g  of  anhydrous  sodium  acetate  were  stirred  together  for  one 

*  The  crystalline  sodium  acetate,  CHjCOONa'SH  O,  may  also  be  used. 
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hour  on  jif-water  bath  at  60-66*.  After  it  had  cooled  the  solution  was  filtMcd  and  treated  as  described, tboybienr 


-i'-lllti,  oi 


yielding  1  g  of  crude  crystals;  Two  recrystallizations  from  alcohol, yielded  0.75  g  of  theVulfoiie  (XJoW^  aft.-^^oi 
m.p.  of  95*  (73^  yield).  ^  ' 

5.199  mg  substance:  9.224  mg  COj;  2.842  mg  HjO;  2.860  mg  SO^.  5.042  mg  substance;  9.000  mg  CC^; 
2.708  mg  HjO;  2.775  mg  SO4.  Found  <55):  C  48.42.  48.71;  H  6.11,  6.01;  S  18.36,  18.37.  CyHjoOjS. 
Calculated  C  48.28;  H  5.75;  S  18.41. 


The  semicarbazone  of  the  sulfone  (X)  had  an  m.p.  of  206-207*  (from  water). 

4.198  mg  substance:  6.340  mg  COj;  2.153  mg  HjO.  Found  <1^):  C  41.21;  H.5. 74.  C|Hi3P)N3S. 

Calculated  <5b:  C  41.56:  H  5.68. 

Dioxide  of  2-methyl-5.6,7,8-tetrahydro-l-thiochromen-4-one  (XI).  2.8  grams  of  the  dibromosulfone  (V) 
(m.p.  186-187*),  2.8  g  of  sodium  acetate,  and  50  ml  of  acetone  were  stined  together  for  one  hour  on  a  water 
bath  at  60-65*.  Processing  yielded  1.3  g  of  the  iilfone  (XI)  with  an  m.p.  of  87-87.5*  (from  alcohol);  consti¬ 
tuting  an  80^  yield. 

4.166  mg  substance;  8.632  mg  CO|;  2.074  mg  H|0;  1.895  mg  SO4.  5.585  mg  substance;  11.590  mg 

COg:  2.885  mg  H^O;  2.549  mg  SO4.  Found  C  56.55,  56.63;  H  5.70,  5.78;  S  15.28,  15.23. 

CioHuOjS.  Calculated  <55);  C  56.58;  H  5.70;  S  15.11. 

Dioxide  of  2^ethyl_hexahydro-l-thiochromen-4-one  (XII).  2.3  grams  of  the  bromosulfone  (VI) 

(m.p.  215-216*),  2.8  g  of  sodium  acetate,  and  100  ml  of  acetone  were  heated  for  one  hour  as  described 
above.  The  solution  was  faintly  colored.  Processing  yielded  1.2  g  of  the  colorless  sulfone  (XU)  with  an 
m.p.  of  118-118.5*  (from  alcohol).  The  yield  was  70^. 

3.934  mg  substance;  8.095  mg  CO^;  2.336  mg  H|0;  1.736  mg  SO4.  4.595  mg  substance;  9.420  mg 

CO,;  2.  620  mg  1^0;  2.030  mg  SO4.  Found  <7o:  C  56.15,  55.94;  H  6.64,  6.38;  S  14.73.  14,75  CioH]40,S. 

Calculated  C  56.05;  H  6.58;  S  14.96. 


III.  Condensation  of  Divlnyl  with  Dioxides  of  the  y-Thiopyrones _ 

Dioxide  of  2^ethyl-5,8,9,10-tettahydro-l-thiochromen-4-one  (XUl).  2  grams  of  the  sulfone  (VU) 
(m.p.  139-140*),  4  g  of  butadiene,  20  ml  of  dioxane,  and  0.02  g  of  pyrogallol  were  heated  together  to  150* 
for  4.5  hours  in  a  steel  ampoule.  After  the  ampoule  had  cooled,  it  was  opened,  and  1.2  g  of  the  conden¬ 
sation  product  was  filtered  out  of  the  reaction  mixture.  Driving  the  dioxane  off  in  vacuo  yielded  another 
1.2  g  of  crystals  with  an  m.p.  of  174-175*.  The  aggregate  yield  was  92‘5i>:  The  sulfone  (XIU)  consisted  of 
lustrous  needles  with  an  m.p.  of  177-177.5*  (from  alcohol  or  aqueous  dioxane). 

4.416  mg  substance;  9.195  mg  CO,;  2.259  mg  H,0;  2.000  mg  SO4.  Found  <!(>;  C  56.82  H  5.72; 

S  15.12.  CiaHjfOiS.  Calculated  C  56.58;  H  5.70;  S  15.11. 

An  experiment  run  at  200*  yielded  the  same  sulfone  (XUI),  but  more  highly  contaminated  with 
butadiene  polymers. 

Dioxide  of  2.10-dimethyl-5,8,9,10-tetrahydro-l-thiochromen-4-one  (XIV).  1  gram  of  the  sulfone  (VUI) 
(m.p.  138-139*),  2  g  of  butadiene,  11  ml  of  dioxane,  and  0.01  g  of  pyrogallol  were  heated  to  210-^15*  for  5 
hours  in  a  steel  ampoule.  Driving  off  the  solvent  yielded  1.1  g  of  the  crude  product.  Two  recrystallizations 
from  alcohol  yielded  0.8  g  of  the  sulfone  (XIV)  with  an  m.p.  of  101-102*  (61<?i  yield). 

5.050  mg  substance;  10.858  mg  CO,;  2.870  mg  F^O.  6.486  mg  substance;  13.935  mg  CO,;  3.755  mg 

H,0;  2.798  mg  SO4.  Found  %;  C  58.68,  58.63;  H  6.34,  6.48;  S  14.40.  CuH,^,S.  Calculated 

C  58.40;  H  6.24;  S  14.18. 

An  experiment  run  at  160*  yielded  a  mixture  of  the  initial  sulfone  (VUI)  and  the  condensation  ixro- 
duct  (XIV). 

Dioxide  of  2.10-dimethvl-5.8.9.10-tetrahvdro-l-thiochroman-4-one  (XV).  1.5  grams  of  the  sulfone 
(IX)  (m.p.  112-113*),  2.4  g  of  butadiene,  16.5  ml  of  dioxane,  and  0.02  g  of  pyrogallol  were  heated  together 
to  195-200*  in  a  steel  ampoule  for  6  hours.  After  the  ampoule  had  cooled,  it  was  opened  and  the  solvent 
driven  off,  which  yielded  1.5  g  of  crystals  with  an  m.p.  of  116-147*.  Fractional  crystallization  from  alcohol 
divided  thp  mixture  into  two  fractions  with  m.p.  of  175-178*  and  117-118*,  respectively. 
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Repeated  recrystallization  of  the  first  fraction  from  alcohol  yielded  needles  of  the  sulfone  (XVa)  with 
an  m.p.  of  194.5-195. 5*. 

4.802  mg  substance:  10.174  mg  COj;  3.030  mg  HjO.  4.538  mg  substance:  9.622  mg  COj:  2,910  mg 

H, 0;  1.960  mgS04.  Found  <5^;  C  57.82.  57.86j  H  7.06,  7.17;  S  14.42.  CjiHjjQjS.  Calculated ‘^5.: 

C  57.87;  H  7.06:  S  14.04. 

Repeated  recrystallization  of  the  second  fraction  from  alcohol  yielded  crystals  of  the  isomeric  sulfone 
(XVb)  with  an  m.p.  of  127-128*. 

3.902  mg  substance;  8.328  mg  COj?  2.552  mg  HjO;  1.618  mg  SO4.  4.570  mg  substance;  9.713  mg 

COj;  2.965  mg  H,0;  1.985  mg  SO4.  Found  C  58.24,  58.00;  H  7.32.  7.26;  S  13.84,  14.50. 

CuHiPjS.  Calculated  C  57.84;  H  7.06;  S  14.04. 

Heating  the  sulfone  (X)  with  butadiene.  1.4  grams  of  the  sulfone  (X)  (m.p.  95*),  2.5  g  of  butadiene, 

15.4  ml  of  dioxane,  and  approximately  0.02  g  of  pyrogallol  were  heated  together  in  a  steel  ampoule  for  4 
hours  at  200*.  Driving  off  the  solvent  yielded  1.1  g  of  crystals  with  an  m.p.  of  94-94.5*  (from  alcohol). 

Their  mixed  melting  point  with  the  original  sulfone  (X)  exhibited  no  depression.  The  substance  recovered 
was  reheated  with  butadiene  for  4.5  hours  at  200*  under  the  same  conditions  as  before.  Driving  off  the  sol¬ 
vent  yielded  0.950  g  of  crystals  with  an  m.p,  of  94-95*.  Their  mixed  melting  point  with  the  original  sul¬ 
fone  (X)  exhibited  no  depression. 

SUMMARY 

I.  Heating  solutions  of  dioxides  of  tetrahydro-y-thiopyrones  in  glacial  acetic  acid  vrtth  bromine 
produces  high  yields  of  the  corresponding  mono-  and  dibromosulfones  (I-VI). 

Heating  the  bromosulfones  (1-Vl)  with  sodium  acetate  in  acetone  readily  splits  off  hydrogen  bromide, 
producing  the  corresponding  dioxides  of  the  thiopyrones  and  dihydro-1 -thiopyrones  (VII-XU),  the  yields 
rangmg  from  70  to  8QPJ0. 

3.  The  sulfones  (VII)  and  (VIII)  eitter  mto  condensation  with  butadiene  at  150-200*  in  a  dioxane 
solution,  forming  the  sulfone  (Xni)  with  a  92^  yield  and  the  sulf  one  (XIV)  with  a  yield,  respectively. 

4.  Condensing  the  sulfone  (IX)  with  butadiene  at  200*  results  in  a  65^  yield  of  two  isomeric  cis 
sulfones  (XVa)  and  (XVb),  differing  in  their  configuration  at  the  second  carbon  atom. 

5.  The  sulfone  (X)  does  not  enter  into  a  diene  syntheses  at  temperatures  up  to  200*. 

6.  The  ability  of  dioxides  of  substitution  derivatives  of  the  y-thiopyrones  to  enter  into  a  diene  syn¬ 
thesis  depends  upon  the  position  of  the  substitutent  in  the  ring.  Introducing  a  methyl  group  at  the  a  position 
to  the  carbonyl  group  greatly  hampers  diene  condensatioii  while  introducing  the  methyl  group  at  the  0 posi¬ 
tion  to  the  carbonyl  group  renders  this  condensation  impossible  at  temperatures  up  to  200*. 
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N-ARYL  SULFONYLQUINONIMINES 

S,  I.  Burmistrov  and  E.  A.  Titov 


In  our  opinion  the  study  of  the  reactions  of  the  quinonimines  and  quinodiimines  and  their  derivatives  is 
of  tremendous  theoretical  significance.  For  the  quinonimines  and  quinondiimines  always  appear  as  intermed¬ 
iate  products  in  the  syntheses  of  many  classes  of  dyes,  namely:  the  quinonimine  dyes  (indophenols  and  inda- 
mines),  the  azines,  the  oxazines,  the  thiazines,  and  some  of  the  azomethine  dyes.  We  are  justified  in  saying 
that  the  quinonimines  and  quinondiijnines  play  the  same  great  role,  one  might  say  extremely  important  role,  in 
the  syntheses  of  the  foregoing  groups  of  dyes  that  diazonium  salts  play  in  syntheses  of  azo  dyes.  The  quinoni¬ 
mines  and  quinondiimines  possess  properties  that  approach  those  of  the  diazonium  salts;  extremely  high  reac¬ 
tivity  and,  as  a  result,  instability.  They  differ  from  the  diazonium  salts,  however,  in  being  nonionic. 

As  we  know,  the  N-acyl  substitution  derivatives  of  quinonimines  (I)  are  equally  nonionic  compounds: 


-A  (I) 


where  A  is  an  acid  radical  that  can  occur  independently  as  the  fairly  stable  anion  A~.  Well-known  members 
of  this  group  of  compounds  are  the  quinonechlorimides  and  the  quinonebromimides  recently  investigated  by 
us  [1,2].  These  compoimds  do  not  contain  an  ionically  bound  halogen,  but  they  can  enter  into  reactions  re¬ 
sembling  the  reactions  of  diazonium  salts. 


One  of  the  most  interesting  reactions  that  link  the  quinonechlorimides  to  the  diazonium  salts,  which 
is  analogous  to  an  azo  coupling,  is  their  reaction  with  phenols  and  amines,  yielding  indophenols  and  indamines. 
Determination  of  which  N-substitution  derivatives  of  the  quinonimines  can  enter  into  the  reaction  in  which 
indophenols  are  produced  is  of  definite  theoretical  interest. 


The  formation  of  quinonebromimides  and  quinonebromodiimides  and  the  reactions  of  the  latter  with 
phenols  have  led  one  of  the  present  authors  to  describe  a  convenient  specific  reaction  for  p-aminophenols 
and  p-diamines  [2,3].  Observations  of  the  quinonebromimide  reaction  of  the  N-aryl  substitution  derivatives 
of  aminophenols  indicated  that  the  ordinary  acyl  substitution  derivatives  of  p-aminophenol  (II): 


such  as  N-acetyl-l,4-aminophenol  (A  =  CHjCO)  or  N-benzoyl-l,4-aminophenol  (A  =  C^HgCO)  do  not  exhibit 
the  quinonebromimide  reaction.  The  N-aryl  sulfonyl-l,4-aminophenols,  which  formed  indophenols  in  the 
quinonebromimide  reaction,  in  contrast  to  the  compounds  mentioned  above,  constituted  an  inexplicable 
exception  at  first  sight.  Since  we  could  not  suppose  that  the  aryl  sulfonyl  radical  would  be  split  off  and  a 
quinonebromimide  formed  under  the  conditions  of  the  quinonebromimide  reaction,  we  assumed  that  N-aryl 
sulfonylquinonimines,  which  were  able  to  react  with  the  phenols  and  form  indophenols,  wer  e  produced  in  a 
simple  oxidation  reaction.  We  therefore  chose  as  the  objective  of  the  present  research  the  synthesis  of 
the  hitherto  unknown  N-aryl  sulfonylquinonimines  and  a  study  of  their  properties.  Our  investigations  re¬ 
sulted  in  the  synthesis  of  some  representatives  of  a  new  class  of  compounds  (III). 

_  0=At-=N-S0iAt  (HI) 

Compounds  containing  the  =NH  group  are  named  differently  in  the  literature;  as  imines  and  as  imides. 
In  the  Beilstein  handbook  the  single  terminology;  imides,  has  been  adopted;  it  did  not  persist,  however. 

We  have  retained  the  latter  term  solely  for  N-halogenated  imines. 
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where  Ar*  is  an  aromatic  group,  an  arylene,  a  constitient  of  the  quinonimine  residue,  and  Ar  is  an  aromatic 
radical,  an  aryl.  The  synthesis  was  effected  by  oxidizing  the  N-aryl  sulfonyl“l,4-aminophenols  (II)  with  bi¬ 
chromate  in  the  cold  in  dilute  sulfuric  acid. 


The  synthesized  compounds  proved  to  be  yellow  or  yellow-orange  crystalline  substances,  in  contrast 
to  the  quinonechlorimides  and  quinonebromimides,  they  resisted  heat  fairly  well  and  therefore  exhibited  sharp 
melting  points.  Noteworthy  among  the  other  properties  of  the  substances  we  synthesized  was  their  indophenol 
reaction,  that  is,  the  appearance  of  a  blue  (or  violet)  coloration  when  reacted  with  phenol  or  1-naphthol  in 
an  alkaline  medium.  We  made  a  thorough  study  of  this  reaction,  finding  that  N-aryl  sulfonylquinonimines 
react  with  phenol  in  an  alkaline  medium  by  splitting  off  the  aryl  sulfonyl  residue  as  an  anion  of  an  aryl 
sulfinic  acid.  The  stoichiometric  equation  for  this  transformation  may  be  written  as  follows: 


The  N-aryl  sulfonylquinonimines  we  investigated  can  be  rea  dily  reconverted  into  aryl  sulfonylamino- 
phenols  by  the  action  of  reducing  agents.  Derivatives  of  1,4-benzoquinone  react  quantitatively  with  potassium 
iodide  in  an  acid  medium  liberating  iodine.  This  latter  reaction  was  utilized  to  identify  the  compounds  by 
determining  their  oxidation  equivalents. 


An  aryl  sulfonylquinonimine  and  an  N-aryl  sulfonyl -1,4-aminophenol  constitute  a  reversible  oxidation- 
reduction  system,  like  the  quinone-hydroquinone  system.  In  contrast  to  the  quinones,  aryl  sulfonylquinonimines 
are  not  colored  by  acetoacetic  ester  in  ammonia.  When  aryl  sulfonylquinonimines  are  heated  with  2QPlo  sul¬ 
furic  acid,  they  decompose,  yielding  quinone.  The  properties  of  the  synthesized  compounds  are  given  in  the 
following  table. 


Properties  of  N-Aryl  Sulfonylquinonimines 


Melt- 

Indophenol  reaction 

Name 

Formula 

ing 

point 

With  phenol 

With  1-naphthol 

1 

N-p-Toluenesulfonyl- 
1 ,4-benzoquinon- 
imine 

1 

1 

126.5* 

Blue 

Violet 

2 

N-Benzenesulfonyl- 
1 ,4-benzoquinon- 
imine 

CeHgSO,N=»=<(^ 

A - ^ 

137 

W  t 

« 

3 

N^Toluenesulfonyl- 
1 ,4-naphthoquinon- 
imine 

CH5C,H^SOjN=%/ 

156 

— 

Blue 

As  may  be  readily  seen,  aryl  sulfonylquinonimines  exhibit  the  same  indophenol  reaction  as  the 
quinonebromimides  [2]. 


EXPERIMENTAL 

The  N^ryl  sulfonyl -1,4-aminophenols  required  for  synthesizing  the  aryl  sulfonylquinonimines  were  pre¬ 
pared  by  acylating  1,4-aminophenols  with  the  respective  aryl  sulfochlorides  in  a  water-soda  suspension. 

N^Toluenesulfonyl-l,4^minophenol.  84.8  grams  of  soda  (0.8  mole  ”  100%  excess)  was  dissolved  in 
400  ml  of  water,  64.2  g  (0.40  mole)  of  1,4-aminophenyl  hydrochloride  was  added  to  the  soda  solution,  and 
then  76.2  g  (0.4  mole)  of  p-toluene  sulfochloride  was  added  at  room  temperature.  The  mixture  was  refluxed 
on  a  water  bath  and  constantly  stirred  with  a  mechanical  stiner  until  the  odor  of  toluene  sulfochloride  had 
disappeared,  which  took  2.5  houn.  When  the  reaction  was  over,  the  mixture  was  cooled,  and  the  precipitated 
toluenesulfonyl  derivatives  were  filtered  out,  washed  with  water,  and  dried.  The  yield  was  nearly  quantita¬ 
tive  (103  g).  The  substance  was  purified  by  recrystallizing  it  from  a  large  quantity  of  water;  the  m.p.  of 
the  recrystallized  product  was  144.5*,  the  literature  giving  the  m.p.  of  N-^-toluenesulfonyl-l,4-hydroxyanilide 
as  143*  [4]. 
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N-p-Toluenesulfonyl-l,4-benzoquinonimlne.  10  grams  of  finely  pulverized  N-j-toluenesulfonyl- 
1,4-aminoi^enol  was  added  at  room  temperature  to  a  solution  of  5.7  g  of  sodium  dichromate  (Na^CriOr* 
•2HjO)  in  175  ml  of  20<7o  sulfuric  acid.  The  mixture  was  stirred  for  50  minutes  and  then  diluted  with 
water,  the  precipitate  being  filtered  out.  The  precipitate  was  washed  on  the  filter  with  water  and  finally 
washed  with  alcohol  to  eliminate  part  of  the  unreacted  toluenesulfonyl-l,4-aminophenol.  The  yield  ranged 
from  7.9  to  8.4  g,  or  of  the  theoretical.  Refining  is  best  accomplished  by  crystallization  in  small 

portions  from  alcohol,  taking  care  to  avoid  prolonged  heating  in  the  alcohol  solution,  as  we  found  that  aryl 
sulfonylquinonimines  are  reduced  when  heated  for  a  long  time  in  alcohol,  while  the  alcohol  is  oxidized,  as 
is  noticeable  by  the  odor  of  acetaldehyde.  The  refined  crystalline  product  had  an  m.p.  of  126.5*.  Analysis 
indicated  that  it  contained  sulfur  and  nitrogen.  Orange-yellow  crysuls  that  turned  into  a  yellow  powder  when 
pulverized;  freely  soluble  in  ether,  benzene,  and  glacial  acetic  acid,  slightly  soluble  in  cold  alcohol,  more 
soluble  in  hot  alcohol,  and  very  slightly  soluble  in  water.  In  ammonia,  it  colored  phenol  blue  and  l-naphthol 
violet.  The  reaction  involved  in  the  production  of  indophenols  was  rapid  at  room  temperature.  Heating  with 
2(X7o  sulfuric  acid  on  a  water  bath  yielded  1,4-benzoquinone,  which  was  distilled  with  steam.  The  distillate 
was  an  aqueous  solution  with  the  odor  of  quinone;  it  is  turned  blue  by  acetoacetic  ester  and  ammonia;  the 
quinone  reaction  [5].  It  is  likely  that  in  the  first  stage  of  acid  hydrolysis  1,4-benzoquinone  and  p-toluene- 
sulfamide  are  produced; 


CH, 


SOaN=<^  O  +  H,0 


lOjNHi  +  O 


Since  the  initial  toluenesulfonyl-l,4-aminophenol  was  very  readily  soluble  in  alcohol,  washing  with  alcohol 
was  a  convenient  method  of  separating  the  unoxidized  compound  from  the  oxidized  one.  Oxidation  with 
chromic  anhydride  in  glacial  acetic  acid  produced  an  80<7o  yield  of  toluenesulfonylquinonimine.  Attempts 
to  secure  this  product  by  oxidizing  with  a  suspension  of  lead  dioxide  in  benzene  met  with  failure,  the  yields 
being  extremely  low. 


The  product  was  analyzed  by  determining  its  oxidation  equivalent.  This  was  done  by  dissolving  a 
sample  of  the  toluenesulfonylquinonimine  in  alcohol,  and  adding  20^o  sulfuric  acid  and  an  excess  of  potas¬ 
sium  iodide.  The  iodine  liberated  in  the  stoichiometric  equation; 


-h2I  ■f2H+  = 


CH,-  ^  -SO,N==^  ^>=0 

=  CH,-  ^  -SOjNH-  ^  ^  -OH  +  I,, 


was  back-titrated  with  thiosulfate.  After  the  thiosulfate  titration  colorless  thin  needles  settled  out;  they  were 
filtered  out  and  dried,  and  exhibited  the  melting  point  of  the  original  toluenesulfonyl-l,4-aminophenol. 


0.1993  g  substance;  15.13  ml  0.1  N  Na2S,0,.  0.2002  g  substance;  15.14  ml  0.1  N  Na,S,0,. 

Found;  equiv.  131.7,  132.1.  i-Ci,HuO,NS.  Calculated;  equiv.  130.65.  0. 1993  g  subsunce; 

7.70  ml  0.1  N  HCl  (Kjeldahl)  Found  <7o;N5.41.Ci,HiiO,NS.  Calculated  N  5.36. 

N-Benzenesulfonyl-l,4-aminophenol.  This  was  similarly  prepared  from  1,4-aminophenol  hydrochloride 
and  benzene  sulfochloride.  Crystallization  from  water  yielded  barely  pinkish  flat  needles,  m.p.  155*.  The  litera¬ 
ture  gives  m.p.  153*  [6]  and  156.5*  [7].  They  are  very  freely  soluble  in  cold  alcohol. 


N-Benzenesulfonyl-l,4-benzoquinonimine.  10  grams  of  benzenesulfonyl-l,4-aminophenol  was  ground 
to  a  powder  and  added  to  a  solution  of  6  g  (50^o  excess)  of  sodium  dichromate  (Na,Ci^Of*2I%0)  in  180  ml  of 
2QP}o  sulfuric  acid.  The  mixture  was  stirred  vigorously  for  1  hour  15  minutes,  then  diluted  with  water  to  make 
400  ml,  and  the  precipitate  filtered  out.  The  dry  precipitate  weighed  7  g  (70®H)  of  the  theoretical)  after  it 
had  been  washed  with  water  until  its  reaction  was  neutral  to  eliminate  the  acid  and  with  alcohol  to  eliminate 
the  unoxidized  product.  Further  purification  followed  the  lines  of  the  preceding  synthesis,  employing  careful 
crystallization  from  alcohol.  This  yielded  orange-yellow  crystals,  or  a  yellow  powder,  m.p.  137*,  which 
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contained  sulfui  and  nitrogen.  It  was  freely  soluble  in  ether,  benzene,  and  glacial  acetic  acid,  and  slightly 
soluble  in  cold  alcohol.  It  colors  phenol  blue  and  l-niaphthol  violet.  It  stains  the  skin  brown,  like  quinone- 
chlorimide  and  quinonebromimide.  The  synthesized  compound  was  analyzed  by  determining  its  oxidation 
equivalent  by  titrating  the  iodine  liberated  from  potassium  iodide  in  an  acid  medium  with  thiosulfate  and 
then  determining  the  nitrogen  by  the  K  jeldahl  method: 

0.0684  g  substance:  5.32  ml  0.1  N  Na^SjOj.  0.0644  g  substance:  5,02  ml  0.1  N  NajS^Oj.  Found* 

equiv.  128.4,  128.5.  fCaH^NS.  Calculated:  equiv.  123.65.  0.2143  g  substance:  8.77  ml  0.1  N 

HCl  (Kjeldahl).  Found  <?b:  N  5.73.  CuH^jNS.  Calculated  <7o:  N  5.67. 

N -p-Toluenesulfonyl-1 , 4-a mlnonaphthol .  19.9  grams  of  1,4-aminonaphthol  hydrochloride,  produced 
by  the  method  [8]  was  added  to  a  solution  of  21.2  g  of  soda  (0..2  mole)  in  400  ml  of  water.  After  some  time 
had  passed,  19.1  g  of  p-toluene  sulfochloride  was  added  at  room  temperature.  The  whole  was  vigorously 
stirred  as  its  temperature  was  raised  to  70*,  being  kept  at  that  temperature  until  the  odor  of  toluene  sul¬ 
fochloride  had  disappeared  (about  2.5  hours).  Then  the  precipitate  was  filtered  out,  washed  with  water, 
and  dried.  It  was  refined  by  recrystallization  from  xylene.  This  yielded  pinkish-gray  crystals  that  were 
readily  soluble  in  alcohol,  slightly  soluble  in  cold  benzene  and  xylene,  more  so  in  hot  xylene,  and  in¬ 
soluble  in  water.  M.p.  183*.  Qualitative  analysis  indicated  that  sulfur  and  nittogen  were  present.  The  sub¬ 
stance  exhibited  the  quinonebromimide  reation  with  1-naphthol  only  (blue  coloration),  while  a  paper  test 
showed  that  it  combined  with  4-nitrophenyldiazonium. 

0,2705  g  substance:  8.55  ml  0.1  N  HCl  (Kjeldahl).  Found  <7o:  N  4.43.  CjjHijOjNS.  Calculated  °Jo: 

N  4.47. 

N-p-Toluenesulfonyl-1 , 4-naphthoquinonimine .  10  grams  of  N-p-toluenesulfonyl-l,4^minonaphthol 
was  placed  in  a  solution  of  4.75  g  of  sodium  dichromate  (Na2Cr20T*21^0)  in  145  ml  of  20^  sulfuric  acid. 

After  the  mixture  had  been  stined  for  3  hours  at  room  temperature,  the  precipitated  oxi4ized  product  was 
filtered  out  and  washed  with  water  and  then  with  alcohol.  Crystallization  from  alcohol  yielded  red-yellow 
lamellae,  m.p.  156*.  Freely  soluble  in  benzene,  very  slightly  soluble  in  cold  alcohol,  and  insoluble  in  water. 
In  contrast  to  the  previous  two  compounds,  it  does  not  liberate  iodine  quantitatively  from  potassium  iodide  and 
does  not  color  phenol  in  armnonia,  though  it  does  color  1-naphthol  blue,  like  1,4-naphthoquinonebromimide, 

0.2001  g  substance:  6.53  ml  0.1  N  HCl  (Kjeldahl).  Found  <70:  N  4.57.  CxjHuO^NS.  Calculated 

N  4.50. 

Study  of  the  indophenol  reaction  of  N-toluenesulfonyl-l,4-benzoquinonimine.  We  investigated  the 
reaction  products  of  toluenesulfonyl-l,4-benzoquinonimine  and  phenol  in  ammonia  in  order  to  explore  the 
stoichiometric  equation  governing  the  production  of  indophenols  from  the  aryl  sulfonylquinonimlnes.  4.36  g 
of  N-2"toluenesulfonylquinonimine  was  agitated  with  an  ammoniacal  solution  of  2.4  g  of  phenol.  This  pro¬ 
duced  a  strong  blue  coloration.  After  the  intensity  of  the  coloration  had  reached  a  constant  value,  the 
ammoniacal  solution  was  filtered  to  remove  the  unreacted  N-p-toluenesulfonylquinonimine.  The  solution 
was  then  carefully  neutralized  with  acetic  acid  to  eliminate  the  indophenol  produced.  The  red-brown  pre- 
cipiute  was  filtered  out,  the  dissolved  indophenol  being  extracted  with  benzene.  The  red-brown  precipi¬ 
tate  had  an  m.p.  of  59*;  the  m.p.  being  raised  to  160*  after  crystallization  from  acetone.  The  substance 
exhibited  all  the  properties  of  the  indophenol  (IV). 

The  literature  gives  the  m.p.  of  the  indophenol  with  this  structure  as  160*  [9].  It  ‘dissolves  in  ammonia 
and  alkali,  coloring  them  blue. 

After  the  indophenol  had  been  extracted  with  benzene,  the  aqueous  layer  was  acidulated  and  then 
extracted  with  ether.  Evaporation  of  the  ether  yielded  pinkish  crystals  with  an  m.p.  of  85*.  The  m.p.  of 
p-  toluenesulfinic  acid  is  86*  according  to  the  literature  [10].  p-Thiocresol  was  produced  by  reduction  with 
zinc  and  sulfuric  acid  in  order  to  prove  that  the  synthesized  product  was  the  same  as  p-toluenesulfinic  acid. 

We  secured  a  solution  that  had  the  intense  odor  of  thiocres  ol.  The  thiocresol  was  driven  off  with  steam. 

The  recovery  of  indophenol  and  p-toluenesulfinic  acid  from  the  reaction  medium  confirmed  the  stoichio¬ 
metric  equation  given  in  the  preceding  theoretical  section  for  the  formation  of  indophenols  from  aryl  sulfonyl- 
quinonimines.  Hence,  the  aryl  sulfonyl  residue  is  split  off  as  an  anion  of  an  aryl  sulfinic  acid,  as  demon¬ 
strated  above.  This  is  all  the  more  remarkable  inasmuch  as  it  is  ordinaaly  very  difficult  to  split  an  aryl 
sulfonyl  residue  from  its  bond  to  a  nittogen  atom.  In  this  instance  the  cleavage  is  effected  by  extremely 
weak  agents  in  the  cold. 
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SUMMARY 


1.  Three  N-aryl  sulfonylquinonimines  have  been  synthesized  for  the  first  time,  and  their  properties  and 
reactions  are  described. 

2.  N-Aryl  sulfonylquinonimines  that  are  derivatives  of  1,4-benzoqumone  liberate  iodine  quantita¬ 
tively  from  iodides  in  an  acid  solution. 

3.  The  N-aryl  sulfonylquinonimines  react  with  phenol  and  1-naphthol,  yielding  indophenols,  the 
aryl  sulfonyl  residue  splitting  off  as  an  anion  of  an  aryl  sulfinic  acid. 
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QUINONIODIMIDES  AND  QUINONEDIIODODIIMIDES 

S.  I.  Burmistrov  and  V.  I.  Glaskov 


In  connection  with  the  general  plan  of  our  research  on  the  properties  and  reactions  of  N-substitution 
derivatives  of  the  quinonimines,  we  described  quinonebromimides  and  quinonedibromodiimides  [1,2]  and 
N-aryl  sulfonylquinonimines  [3]  in  our  previous  papers.  The  present  research  deals  with  the  synthesis  and 
an  investigation  of  the  properties  and  react  ions  of  the  hitherto  undescribed  qumone-N-iodimides  and  quin- 
one-N,N'-diiododiimides.  As  might  have  been  expected,  it  was  much  harder  to  synthesize  the  latter  com¬ 
pounds  because  of  the  lower  stability  of  the  substances  investigated.  To  this  there  were  added  the  difficulties 
arising  from  the  low  stability  of  alkaline  solutions  of  the  hypoiodites.  We  have  synthesized  three  quinone- 
diiododiimides  and  secured  them  in  the  individual  state;  in  an  attempt  to  synthesize  1,4-benzoquinone- 
iodimide  we  secured  a  yellow  crystalline  substance  that  decomposed  rapidly,  turning  dark  and  giving  off 
iodine.  This  made  it  impossible  to  isolate  it  or  analyze  it.  We  proved  that  the  unstable  compound  was 
1,4-benzoquinoniodimide  by  demonstrating  the  existence  of  the  indophenol  reaction  (formation  of  blue 
indophenols  with  alkaline  solutions  of  phenol)  and  then  by  analyzing  the  benzene  solutions  for  their  iodine 
content  by  the  iodate  method  and  by  determining  their  oxidative  titer. 

The  synthesized  quinonediiododiimides  proved  to  be  more  intensely  and  deeply  colored  than  the  analogous 
quinonedichlorodiimides  and  quinonedibromodiimides;  like  the  latter,  they  react  with  phenols  in  an  alkaline  solu¬ 
tion,  producing  intensively  colored  indophenols.  Like  the  quinonedibromodiimides,  the  quinonediiododiimides,  as 
derivatives  of  quinones  with  a  high  oxidation  potential,  liberate  iodine  quantitatively  from  acid  solutions  of  iodides 
in  accordance  with  the  following  stoichiomettic  equation.* 


This  reaction  was  employed  to  analyze  and  identify  the  quinonediiododiimides.  The  quinonediiodidiimides  are 
much  less  soluble  in  nonpolar  solvents  than  the  analogous  quinonedibromodiimides  and  are  light-sensitive.  As  might 
be  expected  the  low  stability  of  the  quinonediiodidiimides  is  due  to  the  slight  energy  of  the  N— I  bond;  that  is  why 
comparatively  little  energy  is  required  to  cleave  them,  yielding  free  atoms  of  iodine. 

The  following  table  gives  the  properties  of  the  synthesized  quinoniodimide  and  quinonediiododiimides. 


EXPERIMENTAL 

Owing  to  the  instability  of  the  compounds  mentioned,  rapid  operations  at  solution  temperatures  of  the  order 
of  0*  are  essential  conditions  for  their  successful  isolation.  The  following  procedure  was  employed  to  prevent  de¬ 
composition  of  the  hypoiodite:  finely  pulverized  iodine  was  added  to  a  chilled  alkali  solution,  and  then  the  solution 
of  aminophenol  or  of  the  p-diamine,  was  rapidly  added,  with  stining,  without  waiting  for  the  iodine  to  dissolve,  the 
resultant  precipitate  being  quickly  filtered  out  on  a  suction  filter  and  washed  with  water  and  then  with  ether. 

1 .4-Benzoquinoniodimide.  Because  the  free  compound  is  so  unstable,  only  benzene  solutions  of  it  were 
secured,  the  solutions  being  analyzed  as  set  forth  below. 

1)  Compounds  containing  the  =NH  group  are  named  differently  in  the  literature:  as  imines  and  as  imides. 

In  the  Beilstein  handbook  the  latter  term  is  used  throughout^  but  it  did  not  persist  in  the  chemical  literature, 
however.  We  have  retained  the  latter  term  solely  fot  N— halogenated  imines  (quinonechlorimides,  quinonebrom¬ 
imides,  etc.) 
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Properties  of  Quinoniodimide  and  Quinonediiododiimides 


A  solution  of  6.5  g  of  NaOH  (0.16 
mole)  in  115  ml  of  water  was  chilled  to 
—5*  and  stirred  mechanically  while  10.2 
g  (0.04  mole)  of  finely  powdered  iodine 
was  added.  A  previously  prepared  solu¬ 
tion  of  1.09  g  (0.01  mole)  of  4-amino- 
phenol  in  100  ml  of  water  +  2  g  of  NaOH 
was  then  immediately  added  to  the  alk¬ 
aline  suspension  of  iodine,  a  reddish- 
yellow  precipitate  settling  out.  Benzene 
was  added  to  extract  the  quinoniodimide, 
and  the  mixture  was  agitated.  After  the 
crystals  had  dissolved  in  the  benzene, 
the  benzene  solution  was  separated, 
washed  with  water,  and  dried  with  cal¬ 
cium  chloride.  The  yellow  benzene 
solution  was  fairly  stable:  for  analysis 
it  was  diluted  with  more  benzene  in 
order  to  obtain  a  l/40^nolar  solution, 
based  on  1,4-benzoquinoniodimide. 

The  presence  of  1,4-benzoquin- 
oniodimide  in  the  benzene  solution  was 
proved  by  the  following  qualitative 

reactions:  a  drop  of  the  benzene  solution  applied  to  paper  turned  an  intense  blue  when  treated  with  phenol  in  am¬ 
monia;  the  colored  benzene  solutions  were  decolorized  by  reducing  agents.  We  determined  the  oxidative  titer  and 
the  percentage  of  iodine  by  the  iodate  method  in  order  to  prove  that  the  solution  contained  1,4-benzoquinoniodimide. 


Determination  of  the  oxidative  titer.  An  Aqueous  solution  of  KI  and  IQPjo  sulfuric  acid  were  added  to  the 

benzene  solution.  The  liberated  iodine  was  back-titrated  with  thiosulfate.  Titration  of  the  iodine  liberated  from  20 

ml  of  the  benzene  solution  consumed;  I)  11.2  ml;  II)  11.2  ml  of  0.1  N  NajStOs.  Oxidative  titer; 

11.2*0.1 _  .  . 

- rr — =  0.056  mg-equivalent  per  ml. 


Determination  of  the  iodine  [4].  15  ml  of  a  20^  alcoholic  solution  of  KOH  was  added  to  20  ml  of  the  ben¬ 

zene  solution,  the  mixture  was  boiled  for  10  minutes,  and  the  alcohol  and  benzene  were  evaporated  in  a  porcelain 
dish.  The  residue  was  calcined  and  dissolved  in  water,  the  solution  being  diluted  to  100  ml  in  a  100-ml  measuring 
flask.  50  ml  of  the  resultant  aqueous  solution  was  neutralized  with  acid,  an  excess  of  chlorine  water  being  added 
to  convert  the  iodide  into  an  iodate.  The  solution  was  heated  and  then  boiled  to  eliminate  the  excess  chlorine. 
After  the  excess  chlorine  had  been  driven  off,  KI  and  10<)b  sulfuric  acid  were  added.  The  liberated  iodine  was  back- 
titrated  with  thiosulfate.  10  ml  of  the  original  benzene  solution  (allowing  for  the  dilution)  required  the  following 
amounts  of  thiosulfate:  Test  I;  8.3  ml  of  0.1  N  Na2S208;  Test  II;  8.5  ml  of  0.1  N  NaiSjOs.  Whence  the  amount  of 


iodine  (as  a  compound)  was: 


Test  I; 


8.3-0.1 

6*10 


0.0138  mg-atom  per  ml; 


Test  II; 


8.5»0.1 

6*10 


=  0.0141  mg-atom  per  ml. 


The  analysis  shows  that  each  gram-atom  of  iodine  in  the  compound  corresponds  to  4  oxidation  equivalents. 
The  only  possible  explanation  of  this  is  that  the  solution  contains  quinoniodimide,  which  reacts  with  the  iodide  in 
an  acid  solution  as  follows; 


NI  +3H  +31  =HO 


-o- 


NHj  +  21,. 


We  have  thus  proved  that  the  benzene  solution  contains  1,4-benzoquinoniodimide. 

1,4-Benzoquinonediiododiimide.  A  solution  of  13  g  (0.32  mole)  of  NaOH  in  50  ml  of  water  was  chilled  to 
0*  and  20.3  g  of  finely  powdered  iodine  (0.08  mole)  was  added.  A  solution  of  1.08  g  (0.01  mole)  of  1,4-phenylene- 
diamine  in  100  ml  of  water  was  added  at  once  to  the  suspension.  The  golden-yellow  precipitate  was  filtered  out 
quickly,  washed  with  water,  then  with  ether.  Attempts  to  crystallize  the  substance  were  fruitless:  it  broke  down, 
yielding  iodine.  The  dried  precipitate  was  used  for  analysis.  This  was  done  by  dissolving  a  sampile  of  the  substance 
in  benzene  and  addmg  an  aqueous  solution  of  potassium  iodide  and  lOPjo  sulfuric  acid,  the  iodine  liberated  being 
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back-titrated  with  thiosulfate.  The  equation  for  this  reaction  is  given  in  the  theoretical  section  of  this  paper. 

0.0368  g  subs.:  6.8  ml  0.1  N  NajSjOj.  0.1386  g  subs.:  24.2  ml  0.1  N  Na^SjO,. 

Found:  equiv.  58.9,  60.9.  V6C8H4N2I2.  Calculated:  equivalent  59.66. 

2-Methoxy-l,4-benzoquinonediiododiimide.  The  2,5-diaminoanisole  required  for  this  synthesis  was  prepared 
by  reducing  5-nitro-2-aminoanisole  with  zinc  dust  in  an  aqueous-alcoholic  solution  containing  NaCl,  as  described  in 
a  previous  paper  [2].  The  excess  zinc  dust  and  the  zinc  oxide  were  filtered  out  of  the  solution,  which  was  then  dil¬ 
uted  with  water  so  as  to  produce  an  approximately  half^olar  solution  of  2,5'diaminoanisole.  20  ml  of  this  solu¬ 
tion  was  added,  as  before,  to  a  suspension  of  20.3  g  of  finely  powdered  iodine  in  a  solution  of  13  g  of  NaOH  in  200 
ml  of  water.  It  was  found  advisable  to  employ  more  highly  diluted  solutions  than  indicated  for  the  synthesis  of 
1,4-benzoquinonediiododiimide.  The  yellow  precipitate  was  quickly  filtered  out  and  washed  with  water.  The  pre¬ 
cipitate  was  purified  by  dissolving  it  in  dichloroethane  at  35",  filtering  out  the  undissolved  impurities,  shaking  with 
calcium  chloride  to  remove  the  water,  and  chilling  to  — 15*.  The  precipitated  yellow  crystals  were  filtered  out 
rapidly  and  dried.  The  substance  breaks  down  when  heated  to  65";  it  colors  phenol  in  ammonia  blue;  and  it  colors 
1-naphthol  blue,  thus  differing  from  the  preceding  compounds.  It  was  analyzed  by  determining  its  oxidation  equiva¬ 
lent, 

0.0516  g  subs.:  8.5  ml  0.1  N  Na^SjO,.  0.0941  g  subs.:  15.4  ml  0.1  N  Na^SjOj. 

Found:  equiv.  66.6,  66.3.  VtfCfH^Ntlj.  Calculated:  equiv.  64.66. 

2,5-Toluquinonediiododiimide.  The  2,5-diaminotoluene  required  for  the  synthesis  was  prepared  by  reducing 
5-nitro-2-aminotoluene  as  indicated  above  [2].  The  aqueous  solution  was  employed  as  it  was  in  synthesizing  the  di- 
iododiimide,  the  remainder  of  the  synthesis  procedure  resembling  that  outlined  above.  Crystallization  from  dichloro' 
ethane  yielded  the  substance  as  reddish-yellow  crystals.  It  decomposes  when  heated  to  7T.  It  colors  phenol  in 
ammonia  blue.  It  was  analyzed  by  determining  its  oxidation  equivalent. 

0  0274  g  subs.;  4.8  ml  0.1  N  NajS^Os.  0  0788  g  subs.:  13  4  ml  0.1  N  NajSjO,. 

Found,  equiv  62.1,  64  0.  V^7HgN2^.  Calculated-  equiv  62.0. 

SUMMARY 

1.  Three  quinonediiododiimides,  constituting  a  new  class  of  compounds,  have  been  synthesized  for  the  first 

time. 

2.  It  has  been  proved  that  when  p-aminophenol  is  reacted  with  hypoiodite,  1,4-benzoquinoniodimide  is 
produced. 

3.  The  physical  properties  and  the  reactions  of  the  new  compounds  have  been  described. 
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RESEARCH  ON  IMIDAZOLE  DERIVATIVES 

III.  NITRATION  OF  DERIVATIVES  OF  BENZIMIDAZOLE 
AND  SYNTHESIS  OF  SOME  NEW  DERIVATIVES  OF  1,2,4, S-DUMIDAZOLOBENZENE  [1] 

L.  S.  Efros 


When  doing  research  on  the  behavior  of  benzimidazole  and  its  derivatives  in  substitution  reactions,  the  first 
thing  we  must  bear  in  mind  is  the  tautomerism  of  these  compounds,  manifested  in  the  fact  that  the  hydrogen  in  the 
imino  group  of  the  heterocyclic  ring  can  shift  from  one  nitrogen  atom  to  another.  Such  a  tautomeric  shift  of  the 
hydrogen  atom  causes  no  change  in  the  molecule  of  the  unsubstituted  benzimidazole,  but  ought  to  yield  two  differ¬ 
ent  compounds  when  it  occurs  in  asymmetrical  derivatives  of  the  latter: 


This  is  why  these  substances  are  given  a  dual  name  in  F.F.Beilstein's  well-known  handbook  and  in  many  scientific 
papers,  as  an  indication  that  they  can  occur  in  both  uutomeric  forro.s.  No  instance  of  desmotropism  of  benzimidazole 
derivatives  has  been  described  in  the  literature  up  to  now,  however,  which  is  an  obvious  indication  of  the  great  ease 
with  which  one  subsunce  is  converted  into  the  other.  The  reason  for  this,  in  our  oplmon,  is  the  amphoteric  nature  of 
the  compounds  in  question,  so  that  the  tautomeric  shift  can  occur  in  an  acid  or  an  alkaline  medium. 


In  the  present  report  we  have  attempted  to  settle  the  question  of  the  effect  exerted  by  the  tautomerism  of  the 
imidazole  group  upon  the  benzene  ring  when  benzimidazole  derivatives  are  nitrated.  In  this  reaction,  which  takes 
place  in  an  acid  medium,  the  benzimidazole  derivatives  must  act  as  cations,  in  which  the  equivalent  mtrogen  atoms 
of  the  heterocyclic  ring  can  transfer  their  electrons  to  para  and  ortho  positions  of  the  benzene  ring.thus  facilitating  the 
entrance  of  electronophilic  substituents.  Actually,  benzimidadole  and  its  2- substitution  derivatives  are  nitrated 
extremely  easily,  as  several  researchers  had  discove  ed  long  before  our  investigations  [2]  the  nitro  group  entering  at 
the  5  and  6  positions  of  the  benzimidazole  group  exclusively,  rhese  being  para  positions  with  respect  to  the  nitrogen 
atoms  of  the  heterocyclic  ring.  Wnenever  one  of  these  positions  is  occupied  by  a  Class  I  substituent,  such  as  methyl, 
methoxy,  or  acetylamino  group,  the  nitro  group  selectively  enters  the  other  free  para  positron  to  the  5  or  6  niaogen 
atom  of  the  heterocyclic  ring  [3],  In  the  light  of  these  findings  the  results  of  the  research  by  Kym  and  Ratner  [4]. 
who  made  a  study  of  a  second  mtiation  of  2  hydioxy-5-nitrobehzimidazole  (I)  and  of  2“methyl-6“nitrobenzimidazole 
(H),  seem  to  be  quite  unexpected. 


These  researchers  discovered  that  the  compound  (I)  eniess  into  this  reaction  with  great  ease, 
pound  (II)  requires  rather  severe  conditions,  the  nitro  group  entering  these  compounds  at  the  5  (or  6) 
fore,  producing  the  ortho  dinitro  products  (HI)  and  (IV). 


C-OH 


\ 

:AAl 


(IV) 


while  the  com¬ 
position  as  be- 
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Wishing  to  check  these  findings;  we  leadily  synthesized  5,6“dinitro‘2  methylbenzimidazole  (FV)  and  reduced 
it  to  the  corresponding  diamine  (V).  We  then  employed  the  method  of  condensing  ortho  diamines  with  carboxylic 
acids  under  pressure  in  the  presence  of  hydrochloric  acid  described  by  us  previously,  which  results  in  the  formation 
of  imidazole  rings  [5],  to  secure  high  yields  of  the  previously  described  [4]  methyl-  and  dimethyldiimldazolo- 
1,2,4,5-benzene  (VI)  and  (VII). 


.C-CH.  CH 
/  \ 


-CH3  CH3-C 


C-CH3 


(VII) 


The  similarly  constructed  derivatives  of  diimidazolo-1, 2, 4,5-benzene:  (VIII),  (IX),  (X),  and  (XI),  not  described 
in  the  literature  before,  were  synthesized  under  the  same  conditions,  by  condensing  the  diamine  (V)  with  benzoic, 
phenylacetic,  phenylpropionic,  and  2'phenylbenzimidazole-5-carboxylic  acids,  respectively,  the  yields  being 
uniformly  satisfactory. 


It  might  have  been  thought  that  the  unexpected  course  taken  by  the  muation  reaction  in  the  case  of  the  compounds 
(I)  and  (II)  was  somehow  lelated  to  the  mfluence  of  the  substituents  located  at  the  2  position  [6].  We  therefore 
thought  it.  important  to  study  the  nitrauon  of  unsubstituted  benzimidazole,  which  we  proceeded  to  do. 


By  nitratmg  benzimidazole  under  conditions  that  differed  somewhat  from  those  described  in  the  literature 
[7]  we  readily  obuined  the  mononitro  derivative  (XII),  to  which  another  nitto  group  could  be  added  when  the  con¬ 
ditions  were  severe  enough;  separating  the  dinitto  product  (Xlil)  from  the  umeacted  monomtro  derivatives  involved 
considerable  difficulty,  however.  Reducing  the  compound  (XIII)  by  tin  and  hydrochloric  acid,  we  obtained  the  cor- 
respondmg  diamine  (XIV),  which  we  could  nor  secure  in  die  chemically  pure  state  owing  to  its  extraordinarily  low 
resistance  to  oxidation. 


But;  by  condensing  this  compound  with  acetic  acid  under  the  conditions  described  above,  we  secured  a  good  yield  of 
a  derivative  of  diimidazolo-1,2,4,5  Irenzene  (VI),  identified  with  the  compound  synthesized  previously  by  condens¬ 
ing  the  diamine  (V)  wrth  formic  acid.  This  confirmed  the  structure  of  the  dinitro  product  (XIII),  Condensing  the  di¬ 
amine  (XIV)  with  benzoic,  phenylacetic,  phenylpropionic,  and  2  phenylbenzimidazole-5-carboxylic  acid  yielded  the 
derivatives  of  diimidazolO'l,2,4,5“benzene  (XV),  (XVI),  (XVII),  and  (XVIII).  respectively,  which  have  no?  been  de¬ 
scribed  previously,  and  were  purified  as  theii  hydrochlorides; 


;-c,h5 


Hence,  the  singular  course  of  the  nitration  of  benzimidazole  derivatives  cannot  be  attributed  to  the  Influence 
of  the  substituent  at  the  2  position.  It  is  likewise  obvious  that  the  substituent  present  in  the  benzene  ring  of  benzim- 
idazole  has  no  decisive  effect  upon  the  course  of  this  reaction  m  the  cases  considered.  Benzimidazole  evidently 
cannot  be  regarded  merely  as  a  derivative  of  benzene  that  contains  two  substituents  in  an  ortho  position  to  each 
other.  This  compound,  like,  say,  naphthalene,  possesses  its  own  singularities,  which  are  manifested  in  the  nitration 
reaction,  governing  its  direction,  and  consist  of  the  following;  1)  the  5  and  6  positions  are  more  reactive  than  the  4 
and  7  positions;  and  2)  the  5  and  6  positions  behave  only  very  slightly  as  oitho  positions,  in  this  respect  resembling 
the  2  and  3  positions  of  naphthalene. 


It  seems  to  us  that  the  sole  explanation  for  the  origin  of  these  specific  peculiarities  is  the  fact  that  the  imid¬ 
azole  group  deforms  the  benzene  ring  of  the  benzimidazole  considerably,  destroying  its  symmetry.  This  gives  rise 
to  a  double  linkage  between  the  carbon  atoms  common  to  the  benzene  and  Imidazole  rings  as  well  as  between  the 
4-6  and  6-7  positions,  while  the  bond  between  the  5  and  6  carbon  atoms  tends  to  become  a  single  bond  (XIX). 

With  this  arrangement  of  the  bonds,  benzimidazole  ought  to  have  chemical  properties  that  resemble  those  of 
naphthalene.  In  contrast  to  the  latter,  however,  our  compound  exhibits  higher  reactivity  at  the  5  and  6  pesitions  in¬ 
stead  of  the  4  and  7  positions,  though,  the  former  posi  tions  correspiond  to  the  less  active  B-pesitions  in  naphthalene. 
The  reason  for  this  singularity  in  benzimidazole  is  the  ovienting  effect  of  the  nitrogen  atoms  in  the  heterocyclic 
ring,  which  is  transmitted  via  the  chain  of  conjugated  bonds.  The  5  and  6  positions  pirove  to  be  the  reactive  ends  of 
the  chain  because,  we  believe,  there  some  break  in  conjugation  between  these  piositions  (XX). 

If  there  is  any  substituent  present  at  one.  of  these  i»sition.s,  say,  5,  it  can  exert  influence  only  toward  the  4 
position,  its  influence  upxin  the  6  piosition,  which  Is  linked  to  the  5  position  by  a  single  bond, being  very  slight.  If 
the  substituent  is  a  Class  II  one,  such  as  a  nitro  gtoup,  the  succeeding  substituent  can  enter  at  the  6  position,  as  we 
have  demonstrated  previously.  But  if  the  substituent  attached  to  the  5  pos.ition  is  a  Class  I  one,  we  ought  to  find 
discordant  ozientati.on  present;  whereas  this  substituent  promotes  the  reaction  at  the  4 
piosition  most,  the  !jii.mo  group  in  the  heterocyclic  ring  promotes  a  reaction  at  the  6  pxjsi- 
tion.  In  thl®  case  the  substituting  group  can  evidently  enter  at  both  of  these  piositions, 
though  this  depiends  upxin  the  strength  of  the  effect  exerted  by  the  Class  I  substituent  already 
present.  This  ts  fully  borne  out  by  the  irnaings  in  the  literature.  When  S  chloro-  or  5- 
methyl-or  5  ethoxybenzTjnidazole  is  nitated  with  potassium  mtrate,  for  example,  we  can 
readily  obtam  [8]  4,6“<linitro  deiivati.ves,  the  fust  niuo  group  being  added  at  the  6  position. 

The  expier.iments  of  K.  Fries  and  his  co- workers  [9]  on  the  chloiination  and 
bromlnation  of  derivatives  of  S^hydroxybenzimidazole  demonstrated  that  the  fust  halogen 
atom  enters  at  the  4  pxisition,  piosition  6  being  substituted  only  later.  Thus,  the  effect  of 
the  hydroxy  group  is  g.teater  m  this  case  than  the  spiecific  activity  of  the  6  position  of  the 
benzimidazole  group.  Fries  also  discovered  die  great  readiness  with  which  benzimidazole 
derivatives  produce  4,5“<iuinoneS;  and  the  impxissibility  of  producmg  a  quinone  at  the  5  and  6  positions,  which  is 
further  confirmation  of  our  hypiothesls  concern  ng  the  deformation  of  the  benzene  t.ing  m  this  compxjund. 

It  is  worthy  of  note  that  Fries  himr«ii,  ii«ho  piertormed  rnese  experiments  in  order  to  compare  benzimidazole 
with  naphthalene,  which  he  depicted  by  the  Eilenmeye;;  formula,  came  veiy  close  to  our  picture  of  the  structure  of 
this  heterocyclic  compound.  Fries  believed,  however,  that  in  this  case  the  piopierties  of  these  two  compxiunds  ought 
to  be  fully  similar,  which  was  not  the  case  of  c  ou  se.  Whereas  it  is  the  a  -  positions  that  are  most  active  in  naph¬ 
thalene  [10],  it  is  the  5  and  6  positions  that  are  most  active  in  benzimidazole.  Failing  to  get  to  the  bottom  of  this 
intricate  complex  of  problems,  Fries  had  to  abandon  this  conception. 
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EXPERIMENTAL 


Nitration  of  2-methylbenzimidazole  66  g  of  2-fnethylbenzimidazole  (0.5  mole)  was  carefully  dissolved  in 
200  ml  of  cone,  sulfuric  acid  in  a  beakeij  using  a  stirrer.  A  mtrating  mixture,  consisting  of  40  ml  of  nitric  acid  (sp. 
gr.  1.4)  and  60  ml  of  sulfuric  acid  (sp.gr.  1.84),  was  added  a  drop  at  a  time  to  the  resulting  solution,  whose  temper¬ 
ature  was  not  allowed  to  rise  above  25-80*.  Fifteen  to  twenty  minutes  after  this  addition  was  complete  the  nitro 
mass  was  carefully  poured  into  cold  water  (1  liter),  and  160  ml  of  nitric  acid  was  added  to  the  resulting  solution. 
The  white  needles  of  5iiitro-2-methylbenzunidazole  nitrate  that  settled  were  filtered  out  after  the  solution  had  fully 
cooled,  pressed  out  well,  washed  with  small  portions  of  ice  water  two  o.r  three  times,  suction-filtering  the  needles 
thoroughly  each  time,  and  dried.  This  yielded  108-112  g  of  product,  representing  about  90<7o  of  the  theoretical. 

Careful  treatment  of  an  aqueous  solution  of  this  nitrate  with  ammoma  yielded  free  5“nitro-2-methylbenzim- 
idazole,  with  a  m.p.  of  219*.  The  free  base  need  not  be  isolated,  however,  as  the  synthesized  nitrate  can  be  em¬ 
ployed  for  the  second  nitration. 

This  was  done  by  dissolving  50  g  of  the  5-nitro-2-methylbenzimidazole  nitrate  in  50  ml  of  conc.sulfuiic  acid, 
adding  100  ml  of  nitric  acid  (sp.gr.  1.52),  and  refluxing  for  one  hour.  The  mass  was  then  poured  out  into  500  ml  of 
water  containing  ice,  and  the  slightly  soluble  nitrate  was  filtered  out.  Some  more  of  the  product  (2-6  g)  could  be 
recovered  as  a  base  from  Ae  mother  liquor  by  neutralizing  it  wiA  ammonia.  All  the  product  was  converted  into  a 
base,  carefully  neutralizing  its  solution  in  250  ml  of  water  with  ammonia  and  filtering  after  it  had  cooled.  The 
5,6-dinitro-2^iieAylbenzimidazole  was  separated  from  the  initial  5“nitrO-2-methylbenzimidazole  by  making  use  of 
the  very  sparing  solubility  of  the  hydrochloride  of  Ae  former  in  aqueous  hydrochloric  acid  solutions.  This  was  done 
by  dissolving  the  synthesized  base  in  250  ml  of  boilmg  water,  addmg  hydrochloric  acid  a  drop  at  a  time,  using  no 
excess,  filtering  Ae  solution,  and  then  adding  an  equal  volume  of  cone. hydrochloric  acid  to  it.  This  precipitated 
the  hydrochloride  of  the  dinitroproduct,  which  was  filtered  out  and  dried.  The  yield  totaled  45  g,  or  ^2Pjo  of  the 
theoretical. 

Evaporating  Ae  hydrochloric  mother  liquor  yielded  a  small  quantity  of  a  product  that  proved  to  be  5-mtro- 
2-raethylbenz  imidazole  after  it  was  purified. 

5 , 6  -Dlamino-2-methylbenziimdazole,  30  ml  of  cone. hydrochloric  acid  and  20  g  of  granulated  tin  were 
placed  m  a  small  flask.  Then  10  g  of  5,6‘diattio-2^iieAylbenzimidazole  hydrochloride  was  g-radually  added  portion- 
wise.  The  addition  of  each  portion  was  accompanied  by  a  violent  reaction  and  Ae  evolution  of  considerable  heat. 
After  addition  was  complete,  the  mass  was  heated  for  another  5-10  m Autes  until  the  solution  had  the  color,  of  strong 
tea.  It  was  then  decanted  from  Ae  beaker  containii^  the  tin  residue,  Ae  double  tin  salt  of  the  reduction  product 
settling  out  as  the  solution  cooled  The  salt  was  filtered  out,  squeezed  out  well  to  free  it  of  the  mother  liquor,  and 
dissolved  in  water,  Ae  tin  being  thrown  down  by  passing  a  current  of  hydrogen  sulfide  through  the  solution.  The 
mother  liquor  was  evaporated  to  dryness  in  an  evaporating  dish  on  a  water  baA.  This  yielded  7  g  of  the  dAydro- 
chlonde  of  5,6"diaminO‘2‘metbyl4jenzimidazole  (approximately  80<5b  of  the  meoretical)  as  a  browniA  powder  that 
was  excellently  soluble  in  water.  The  diamme  could  be  recovered  from  the  solution  as  elongated  sandcolo.red 
needles  by  carefully  add.ing  ammonia  to  a  cone. aqueous  solution  of  its  hydrochloride  and  rubbmg  wiA  a  glass  rod. 

The  ftee  diamine  was  also  raAer  freely  soluble  m  water,  and  particularly  so  in  aqueous  ammonia  and  alkalies, 
though  it  oxidized  wiA  extraordinary  ease.  This  made  working  with  it  highly  mconvenient. 

Condensing  5.6-drammo-2  methylbenzimldazole  with  organic  acids.  Condensation  was  always  effected  by 
heating  2.35  g  (0.01  mole)  of  Ae  diamine  dAydrochloride  wiA  0.01  mole  of  Ae  organic  acid  in  5  ml  of  15<7o  hyAo- 
chloric  acid  to  180®  in  sealed  tubes  for  one  hour.  The  reaction  mass  was  Aen  diluted  with  water  and  treated  with 
ammonia,  the  condensation  product  bemg  filtered  out,  washed  with  water,  and  Aen  purified. 

a)  Condensation  with  formic  acid  yielded  1.5  g  of  methyldiimidazolo  ’1,2,4,5-benzene  (VI),  or  85^o  of  the 
theoretical  yield.  The  product  was  purified  by  dissolving  it  in  water  containing  acetic  acid,  boilmg  with  activated 
charcoal,  and  precipitating  It  from  the  hot  solution  with  ammoma.  M.p.  388-390°.  A  white,  finely  aciculav  product, 
freely  soluble  in  aqueous  mineral  acids  and  acetic  acid,  sparingly  soluble  in  most  solvents.  Its  hydrochloride  can  be 
precipitated  from  an  aqueous  solution  by  acetone  or  by  a  large  excess  of  cone. hydrochloric  acid. 

b)  Condensation  wiA  acetic  acid  yielded  1.5  g  of  dimetbyldiimidazolO’l,2,4,5“benzene  (VII) -80^  of  the 
theoretical  yield.  The  p’^oduct  was  refine.d  like  the  preceding  one.  M.p.  438‘439®.  Its  properties  resembled  those  of 
the  i»:ecedmg  compound,  but  its  hydiochloiide  was  salted  out  from  solution  by  hydrochloric  acid  somewhat  more 
easily. 
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c)  Condensation  with  benzoic  acid  yielded  1.5  g  of  methylphenyldiimidazolo-1, 2, 4, 5-benzene  (VIII)  — 607o  of 
the  theoretical  yield.  The  product  was  excellently  refined  as  its  hydrochloride,  which  crystallized  from  water  con¬ 
taining  hydrochloric  acid  as  minute  white  needles. 

0.1809  g  subs.:  0.1602  AgCl.  0.1107  g  subs.;  16.5  ml  (16*,  760  mm).  0.1483  g  subs.s  22.2  ml  N*  (20*. 
770  mm).  Found  <7o:  N  17.5,  17.8;  Cl  21.92.  Ci5Hu[N4'2HCl.  Calculated  <7o:  N  17.45;  Cl  22.1. 

d)  Condensation  with  phenylacetic  acid  yielded  2  g  of  methylbenzyldiimidazolo-1, 2, 4, 5-benzene  (IX)  — 
approximately  77^o  of  the  theoretical  yield.  The  substance  was  purified  by  crystallizing  its  dihydrochloride  from 
water,  being  secured  as  minute  white  needles. 

0.1070  g  subs,;  14.75  ml  Nj  (12",  760  mm).  0.2212  g  subs.;  0.1875  g  AgCl.  0.1476  g  subs.;  0.1252gAgCl. 

Found  <7o;  N  16.55;  Cl  20.95,  21.18.  CigHuN4'2HCl.  Calculated  <7o;  N  16.73;  Cl  21,2. 

e)  Condensation  with  hydrocinnamic  acid  yielded  2  g  methyl-  6  -phenylethyldimidazolo-1, 2,4, 5-benzene  (X) 
— apiMToximately  73<7o  of  the  theoretical  yield.  The  product  was  purified  as  its  dihydrochloride,  as  in  the  preceding 
experiment. 

0.1294  g  subs.;  17.4  ml  (12“,  760  mm).  0,1523  g  subs.;  0.1251  g  AgCl.  0.1400  g  subs.;  0.1145  g  AgCl. 

Found  <5;»;  N  16.1;  Cl  20.3,  20.25.  C„Hi*N4-2HCl.  Calculated  N  16.05;  Cl  20.35. 

f)  Condensation  with  2-i)henylbenzimidazole-6-carboxylic  acid  yielded  2  g  of  a  derivative  of  diimidazolo- 
1,2,4, 545enzene  (XI),  which  was  purified  from  water  as  a  salt  containing  three  molecules  of  hydrochloric  acid.  It  is 
very  difficult  to  filter  solutions  of  this  salt. 

0.1354  g  subs.;  19.9  ml  (18",  773  mm).  0.1530  g  subs.;  0.1378  g  AgCl. 

Found  «7o;  N  17.55;  Cl  22.3,  C22Hi8N4-3HCl.  Calculated N  17.75;  Cl  22.5. 

Nitration  of  benzimidazole.  The  benzimidazole  was  nitrated  to  a  5^iitro  derivative,  and  the  latter  was 
recovered  as  a  nitrate  after  the  mass  had  been  poured  into  water  by  procedures  that  were  fully  analogous  to  those 
described  for  2-methylbenzimidazole.  The  mtration  product  yield  was  approximately  95“^  of  the  theoretical.  The 
second  nitro  group  was  added  by  refluxing  47  g  of  the  nitrobenzimidazole  nitrate  for  two  hours  in  a  solution  of  94  ml 
of  nitric  acid  (sp.gr.  1.52)  and  49  ml  of  sulfuric  acid  (sp.gr.  1.84).  Then  the  mass  was  poured  into  500  ml  of  water 
containing  ice,  and  the  precipitated  nitrate  was  filtered  out.  The  product  was  converted  into  a  base  by  carefully 
reacting  an  aqueous  solution  of  the  nitrate  with  ammonia,  the  base  being  recrystallized  several  times  from  water, 
yielding  needles  that  fused,  though  not  sharply,  at  186".  The  yield  was  23  g,  or  b2P]o  of  the  theoretical.  The  mother 
liquors  probably  contain  nothing  but  a  mlxiure  of  the  initial  product  and  the  same  dimtro  product,  since  evaporation 
and  numerous  crystallizations  of  these  liquors  yielded  very  minute  quantities  of  both  of  these  compounds.  The  sub¬ 
stance  with  an  unsharp  m.p,  of  186°  was  analyzed. 

0.1078  g  subs.;  25.4  mi  Nj  (24“,  764  mm).  Found  °jo°.  N  27.2.  CTH4N4O4.  Calculated  ’’Jot  N  26.9. 

5, 6- Piaminobenz imidazole.  25  g  of  granulated  tin  and  40  ml  of  cone,  sulfuric  acid  were  placed  in  a  small, 
round-bottomed  flask,  and  8  g  of  the  dinitro  product  with  a  m.p,  of  186°  was  added  portionwise.  The  reaction  was 
very  violent.  As  the  resulting  solution  cooled,  the  double  tin  salt  settled;  it  was  filtered  out  and  decomposed  with 
hydrogen  sulfide,  the  filtrate  being  evaporated  to  dryness  on  a  water  bath.  This  yielded  5.4  g  of  the  diamine  di¬ 
hydrochloride  as  heavy  brown  crystals.  We  were  unable  to  purify  the  product  or  convert  it  into  a  base  because  of  its 
extremely  high  oxidi  zibility.  Deteimmation  of  the  chlorine  in  the  crude  product  yielded  the  following  results; 

0.1025  g  subs.;  0.1340  g  AgCl.  Found  ’’Jot  Cl  32.25.  C7H8N4-2HC1.  Calculated  Cl  32,1. 

Condensation  of  5,6-diaminobenzimidazole  with  organic  acids.  The  condensation  was  always  effected  with 
0.01  moles  of  the  initial  substances,  as  described  in  the  preceding  instances. 

a)  Condensation  with  formic  acid  yielded  1.2  g  of  diimidazolo-1, 2, 4,5  benzene,  or  l&’Jo  of  the  theoretical. 
The  product  was  purified  by  dissolving  it  in  hot  water  containing  acetic  acid,  boiling  the  solution  with  activated 
charcoal,  and  precipitating  with  ammonia.  Minute  white  needles  with  a  m.p.  of  approximately  360",  freely  soluble 
in  dilute  acids  and  very  sparingly  soluble  in  most  organic  solvents, 

b)  Condensation  with  acetic  acid  yielded  1.2  g  of  methyldimidazolo-1, 2, 4,5  -benzene  (VI),  or  approximately 
IQPjo  of  the  theoretical.  The  iFoduct  was  purified  as  in  the  preceding  instance.  Its  properties  and  its  mi>:ed  melting 
point  indicated  that  it  was  the  same  as  the  product  previously  prepared  from  5,6-diamino-2-methylbenzjmidazole 
and  formic  acid. 
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c)  Condensation  with  benzoic  acid  yielded  1.2  g  of  phenyldiimidazolO''lt2,4,5~benzene  (XV),  or  approxim¬ 
ately  Sl'Jfc  of  the  theoretical.  The  ixroduct  was  purified  as  its  dihydrochloride,  which  crystallized  satisfactorily  from 
water  as  white  needles. 

0,1310  g  subs.:  20.5 ml (20*.  760  mm).  0.1425  g  subs.:  0.1335  g  AgCl.  0.1913  g  subs.:  0.1801  g  AgCl. 

Found  N  18.3;  Cl  23.19,  23.23.  Ci4HioN4 •  2HC1.  Calculated  N  18.25;  Cl  23.35. 

d)  Condensation  with  phenylacetic  acid  yielded  1.7  g  of  benzyldiimidazolo-1, 2, 4, 5-benzene  (XVI),  the  yield 
being  about  69^  of  the  theoretical.  The  product  was  purified  as  its  dihydrochloride  by  crystallization  from  water. 

0.1010  g  subs.;  15  ml  Nj  (20*.  770  mm).  0.1159  g  subs.;  0.1025  g  AgCl.  0.1031  g  subs.;  0.0911  g  AgCl. 

Found  %;  N  17.5.3;  Cl  21.9,  21.85.  Ci5HaN4- 2HC1.  Calculated  ”jo-.  N  17.45;  Cl  22.1. 

e)  Condensation  with  6 -phenylpropionic  acid  yielded  1.5  g  of  6-phenylethyldiimidazolo-l,2,4,5-benzene 
(XVII).  The  product  was  purified  as  its  dihydrochloride  by  crystallization  from  water. 

0.1073  g  subs.:  14,9  ml  N*  (14*,  760  mm).  0.1153  g  subs.;  0.099  g  AgCl. 

Found ‘55,:  N  16.65;  Cl  21.2.  Ci^HuN^ •2HC1.  Calculated ‘J'o?  N  16.73;  Cl  21.2. 

f)  Condensation  with  2'phenyibenzimidazole-6-carboxylic  acid  yielded  1.7  g  of  the  derivative  (XVIII), which 
could  be  purified  by  crystallizing  the  trihydrochloride  of  that  compound  from  water. 

0.1001  g  subs.:  15.7  ml  Nj  (20®,  764  mm).  0.0609  g  siibs.;  0.0566  g  AgCl. 

Found  <7o:  N  18.38;  Cl  22.97.  CjiHi^Ng  •3HC1.  Calculated  <5i);  N  18.28;  Cl  23.18. 

SUMMARY 

An  investigation  of  the  nitration  of  benzimidazole  derivatives  has  indicated  that  this  compound  cannot  be 
regarded  merely  as  a  benzene  that  conuijis  two  substituents  in  an  ortho  position  to  each  other.  This  2-ring  system 
possesses  distinctly  specific  properties,  namely,  high  reactivity  of  the  5  and  6  positions  and  very  weak  conjugation 
between  these  positions.  These  specific  peculiarities  of  benzimidazole  may  be  attributed  to  the  deformation  of  the 
benzene  ring  caused  by  the  imidazole  group  condensed  with  it. 
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RESEARCH  ON  IMIDAZOLE  DERIVATIVES 


IV.  THE  CHEMICAL  PROPERTIES  OF  DERIVATIVES  OF  l,2,4.5“DnMIDAZOLOBENZENE 

L.  S,  Efros 


In  our  preceding  report  [1]  we  set  forth  the  hypothesis  that  the  specific  peculiarities  of  benzimidazole  and  its 
derivatives,  manifested  during  nitration,  are  caused  by  the  extensive  impairment  of  the  symmetry  of  the  benzene 
ring  in  these  compounds.  This  impaiiment  of  symmetry,  due,  most  likely,  to  the  attraction  of  electrons  by  the  im¬ 
idazole  ring,  results  in  the  formation  of  double  linkages  between  the  4-6  and  the  6-7  carbon  atoms  in  the  benzene 
ring,  while  the  bond  between  the  5  and  6  carbon  atoms  approaches  the  nature  of  a  single  bond  (A). 


H 


We  thought  that  it  would  be  of  interest  to  make  a  study  of  the  properties  of  the 
derivatives  of  1,2,4,5-diimidazolobenzene  (I),  described  previously  [1],  by  way  of  obtain¬ 
ing  further  confirmation  of  the  existence  of  this  deformation  of  the  benzene  ring. 


In  a  symmetrical  molecule  of  these  compounds  the  effect  of  two  imidazole 
groups  upon  the  double  bonds  of  the  central  benzene  ring  ought  to  produce  considerable  . 
unsaturation  at  the  3  and  6  positions,  so  that  the  state  of  the  central  benzene  ring  in  Type 
(I)  compounds  ought  to  resemble  that  of  anthracene,  while  the  3  and  6  positions  ought  to 
be  like  the  meso  position  of  the  latter. 


R-Q 


The  most  characteristic  property  of  anthracene  and  its  deriv¬ 
atives  is  the  ability  of  these  compounds  to  be  oxidized  to  the  corres¬ 
ponding  anthraquinones  fairly  easily;  we  therefore  commenced  our 
research  with  an  investigation  of  derivatives  of  diimidazolobenzene 
(I).  We  found  that  these  compounds  actually  are  oxidized  fairly 
smoothly  by  a  chromic  acid  mixture,  resulting  m  nearly  qciantrtative  yields  of  the  respective  derivatives  of  1, 2,4,5- 
diimidazolo-3,645enzoquinone.  Thus,  by  oxidizing  unsubstituted  l,2,4;,5"diimidazolobenzene  with  chromic  acid  in 
boiling  45-60 sulfuric  acid  we  secured  a  very  high  yield  of  the  corresponding  qumone  (II),  the  disulfate  of  which 
settled  out  of  the  reaction  mass  as  weri  formed  lemon  v'ellow  needles. 


Similarly,  oxidizii^  the  methyl  and  dimethyl  derivatives  of  diimidazolobenzene  yielded  the  sulfates  of 
the  corresponding  quinones  (HI)  and  (IV),  the  properties  of  which  were  very  much  like  those  of  the  quinone  (II), 
the  only  difference  being  their  somewhat  lower  solubility  in  acids. 

Compounds  of  similar  structuie  were  also  readily  synthesized  by  oxidizing  the  methylphenyl  (V)  and 
methyl-  6  -pyridyl  (VI)  derivatives  of  diimLidazolobenzene;  (see  top  of  next  page) 

Oxidation  of  methylbenzyldiimidazolobenzene  (VII)  was  somewhat  more  difficult,  the  methylene 
group  in  the  side  chain  being  likewise  oxidized,  to  judge  by  the  high  consumption  of  the  oxidant  and  the 
elementary  composition  of  the  end  product,  me  resulting  compound  probably  having  the  composition  of 
(VIII). 
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IH 


NH 


(VI) 


The  sulfates  or  dihydrochloiides  of  all  these  compounds  are  lemon-yellow  and  are  asymmetrical,  their 
color  being  somewhat  deeper  than  that  of  symmetrical  substituted  derivatives.  As  might  have  been  expected, 
the  basicity  of  the  imidazole  groups  in  these  compounds  is  very  greatly  weakened  by  the  proximity  of  the  car¬ 
bonyl  groups,  the  sulfates  and  hydrochlorides  referred  to  above  being  hydrolyzed  even  by  traces  of  moisture, 
as  in  seijt  alcohol.  At  first  we  get  bright- ted  monoacid  salts,  one  of  which,  constituting  the  compound  (V),  we 
managed  to  isolate  in  the  chemically  pure  state.  Further  hydrolysis  converts  these  salts  into  free  quinone  bases. 
In  the  case  of  the  compounds  (II),  (HI),  (IV),  and  (Vni)  these  bases  are  various  shades  of  orange-yellow,  the 
asymmetrical  compounds  (V)  and  (VI)  being  colored  violet-^ed  and  red  respectively. 


All  these  quinones  dissolve  in  aqueous  solutions  of  caustic  alkalies,  producing  violet-blue  solutions, 
from  which  the  alkaline  salts  of  the  respecave  derivati  ves  can  be  crystallized  out  by  adding  an  excess  of  al¬ 
kali,  though  mere  chilling  suffices  in  the  case  of  the  compound  (V).  We  succeeded  in  purifying  the  potas¬ 
sium  salt  of  the  compound  (V)  by  crystallizing  it  from  water;  it  was  converted  thereby  into  a  monometallic 
salt,  probably  due  to  partial  hydrolysis,  consisting  of  lustrous  dark-green  needles.  When  alkaline  solutions 
of  the  quinones  are  reacted  with  hydrosulfite,  they  are  decolorized  as  the  result  of  the  formation  of  leuco 
compounds,  with  the  probable  structure  of  (B). 


-CO-C0H5 


These  colorless  solutions  are  readily  oxidized  by  atmospheric 
oxygen,  their  original  violet-blue  color  being  restored. 

All  the  foregoing  compels  us  to  conclude  that  1,2,4, 5-dilmi- 
dazolobenzene  and  its  derivatives  behave  like  anthracene  in  an  oxi¬ 
dation  reaction,  as  we  had  expected,  readily  producing  derivatives 
of  di  jmidazolobenzoquinone,  an  unusual  analog  of  anthraqumone. 

Extending  our  comparison  of  diimidazolobenzene  (I)  with  anthra¬ 
cene  to  other,  reactions,  we  undertook  an  investigation  of  the  chlorina¬ 
tion,  brominatlon,  and  nitration  of  these  compounds.  As  we  know,  anthra¬ 
cene  can  be  chlorinated  and  bromiiuted  very  readily,  the  reaction  immediately  yielding  9,10-dihalogen  derivatives 

[2] .  We  readily  succeeded  in  chlorinating  diimidazolobenzene  as  well  as  its  methyl,  dimethyl,  and  phenylmethyl 
derivatives  by  passing  chlorine  through  solutions  of  these  compounds  in  dilute  hydrochloric  acid  in  the  cold.  The 
chlorination  products,  the  dichloro  derivativ  es  (IX),  (X),  (XI),  and  (XII),  which  were  much  less  soluble  in  water, 
were  crystallized  from  the  solution  as  hydrochlorides:  (see  top  of  next  page). 

The  location  of  the  chlorine  atoms  in  these  compounds  was  established  by  oxidizing  these  substances  with 
a  chromic  acid  mixture.  Chlorine  was  split  out  quantitatively  in  every  instance,  yielding  the  previously  described 
quinones  (O),  (HI),  (!V),  and  (V).  This  tiansfo  mation  of  the  chloro  derivatives  upon  oxidation  indicates  how  extra¬ 
ordinarily  closely  these  substances  are  related  to  anthracene,  since  such  reactions  are  highly  typical  of  the  latter 

[3] . 

The  introduction  of  chlorine  atoms  into  diimidazolobenzene  derivatives  greatly  diminishes  the  basicity  of 
these  compounds.  The  dihydiochlorides  of  the  substances  (IX),  (X),  and  (XI),  which  are  freely  soluble  in  cold  water, 


OH 
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hydrolyze  when  heated,  the  respective  bases  settling  out.  As  for  the  com¬ 
pound  (XII),  only  its  monoacid  salt  is  stable. 

The  derivatives  of  diimidazolobenzene  are  likewise  readily  brominated 
when  they  are  agitated  with  bromine  in  an  aqueous  3^  sulfuric  acid  solution. 
The  bromo  derivatives  settle  out,  being  purified  later  by  crystallization  from 
dilute  hydrochloric  acid.  This  yielded  the  following  derivatives: 


Here,  too,  the  position  of  the  bromine  atoms  was  established  by  oxidizing  these  substances  to  convert  them 
into  the  quinones  (II),  (III),  and  (IV)  that  contained  no  halogen.  The  properties  of  the  bromo  derivatives  greatly 
resembled  those  of  the  chloro  substitution  derivatives  already  described,  so  that  we  shall  not  dwell  upon  them  at 
this  point. 


The  derivatives  of  diimidazolobenzene  (I)  are  readily  nitrated  in  sulfuric  acid  under  the  usual  conditions. 
We  were  able  to  isolate  the  nitro  derivatives  by  pouring  the  ni’tro  mass  into  water,  carefully  neutralizing  with  am¬ 
monia,  and  then  crystallizing  from  alcohol.  This  yielded  nitro  derivatives  with  the  following  structures: 


(XVI)  (XVH)  (XVni) 


They  were  all  bright-yellow  substances  that  dissolved  in  dilute  mineral  acids,  producing  colorless  solu¬ 
tions.  The  effect  of  the  nitro  group  increases  the  acidic  properties  of  the  imino  groups  in  these  compounds,  so  that 
they  are  fairly  freely  soluble  in  ammoma  and  soda,  in  addition  to  caustic  alkalies,  thus  differing  from  the  initial 
products. 

Since  we  know  that  anthracene  and  some  of  its  derivatives  can  also  yield  meso  dinitro  derivatives  [4]  under 
certain  conditions,  we  tried  to  introduce  another  nitro  group  into  the  synthesized  substances,  but  we  did  not  succeed, 
even  when  using  the  most  severe  conditions.  This  evidently  means  that  the  effect  of  the  nitro  group,  which  prevents 
the  second  substituent  from  entering  at  the  para  position,  is  much  stronger  in  derivatives  of  diimidazolobenzene  than 
in  anthracene. 

It  is  apparently  this  same  circumstance  that  is  responsible  for  the  fact  that  our  attempt  to  oxidize  the  nitro 
compounds  into  the  previously  described  quinones  likewise  met  with  failure.  No  reaction  took  place;  we  recovered 
the  original  products  unchanged  in  very  case. 
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The  exper.'jnental  data  cited  indicate  that  oui  prediction  of  the  chemical  similarity  between  1,2,4,5-diimid- 
azobenzene  and  anthracene  is  correct.  This  also  confirms  our  hypothesis  of  the  deformation  of  the  benzene  rmg  by 
the  imidazole  group,  upon  which  this  theoretical  conclusion  was  founded. 

EXPERIMENTAL 

I.  Oxidation  of  Derivatives  of  1  2,4.-5-Diimidazolobenzene 

a)  Dimethyl-l:2,4j5“diimldazolo-Q,6-benzoquinone.  5  grams  of  dimethyl-1, 2, 4, 5-diimidazolobenzene  was 
dissolved  in  70  ml  of  40%  sulfuric  acid  and  heated  to  boiling,  and  7.5  g  of  chromic  acid  was  gradually  added.  When 
the  reaction  was  over  (it  did  not  set  in  at  once,  but  later  was  fairly  violent),  the  lustrous  crystals  of  the  quinone  di¬ 
sulfate  began  to  settle  out  of  the  still  hot  solution.  They  were  filtered  out  on  a  glass  filter,  washed  first  with  a  small 
amount  of  cold  40%  sulfuric  acid  and  then  with  absolute  alcohol  and  ether,  and  then  dried.  The  yield  totaled  9.5  g 
of  beautiful  light  -yellow  crystals. 

The  quinone  sulfate  could  be  readily  crystallized  from  40%  sulfuric  acid,  as  elongated  light  needles,  lemon- 
yellow  in  color,  which  were  washed  with  absolute  alcohol  and  ether  to  eliminate  the  sulfuric  acid  mother  liquor 
(aqueous  alcohol  hydrolyzed  the  salt).  The  percentage  of  sulfuric  acid  in  the  salt  was  determined  by  analysis,  a 
sample  being  dissolved  in  water  containing  hydrochloric  acid  and  the  SQJ  precipitated  with  barium  chloride. 

0.1030  g.  0.1045  g  substance;  0.1168  g,  1.1181  g  BaS04.  Found  %•  HjSO^  47.56,  47.45.  CjiHjOil^- 

•  2!%S04.  Calculated  %;  H2SO4  47.57. 

The  quinone  salt  is  hydrolyzed  even  by  traces  of  water,  first  yielding  a  bright-red  product,  which  turns 
orange-yellow  upon  further  treatment  with  water.  This  was  a  quinone  base,  which  was  purified  by  rep  eated  wash¬ 
ings  with  water,  alcohol,  and  ether,  and  then  dried  to  constant  weight.  It  was  soluble  neither  in  water  nor  in  organ¬ 
ic  solvents,  though  it  did  dissolve  in  5-10%  sulfaric  acid,  producing  light-yellow  solutions. 

The  quinone  was  also  soluble  in  caustic  alkalies,  producing  violet  solutions.  Adding  an  excess  of  alkali 
decolorized  the  solution,  the  qumone  salts  crystallizing  out  as  dark  needles.  Alkaline  solutions  of  the  quinone 
were  decolorized  when  hydrosulfite  was  added.  When  the  solution  was  shaken  up  with  air,  the  color  reappeared.  The 
melting  point  of  the  base  lay  above  400". 

.  0.1055  g  substance;  0.2130  g  CO|,  0.0371  g  H^O.  0.1440  g,  0.1069  g  substance;  32.6  ml,  24.2  ml 

(22*.  752  mm).  Found  %;  C  55,4;  H  3.9?  N  25.92  ,  25.91.  Calculated  %;  C  55.5;  H  3.7; 

N  25.92. 

b)  Methyl-l,2,4,5-diimidazolo  a;6"benzoquinone.  1.2  grams  of  methyl-1,2,4, 5-diimidazolobenzene  (cf  [1] 
for  its  synthesis)  was  dissolved  in  15  m!.  of  40%  sulfuric  acid,  and  1,8  g  of  chromic  acid  was  added  to  the  boiling 
solution.  When  the  reaction  was  over  and  the  solution  cooled  down,  the  mass  soli  dified  due  to  the  settling  out  of 
crystals  of  the  quinone  disulfate.  The  product  was  filtered  out  and.  washed  w.ith  alcohol.  The  salt  yield  totaled 
1.2  g.  In  this  case  the  mother  liquor  sni'  contained  an  appreciable  quantity  of  the  quinone,  which  we  managed  to 
recover  by  diluting  with  water  and  carefully  neutralizing  with  ammonia.  This  yielded  another  0.5  g  of  the  qui¬ 
none  base.  The  two  products  were  combined  together  and  purified  by  crystallization  from  a  mixture  of  equal 
volumes  of  40%  sulfuric  acid  and  alcohol.  The  light  and  elongated  light-yellow  needles  that  settled  out,  were 
washed  with  absolute  alcohol  and  etfier  and  dried,  a<^  in  the  preceding  experiment.  The  percentage  of  sulfuiic 
acid  in  the  quinone  salt  was  determmed  by  analysis,  as  in  the  preceding  test. 

0.1003  g  substance;  0.1175  g  BaS04.  Found  %;  11*504  49.20.  ^-»HgOiN4*  2H^S04.  Calculated  %;  1^504 

49.24 

The  quinone  base  was  obtained  by  boiling  the  'ecrystailized  salt  with  water,  the  orange-yellow  precipitate 
being  filtered,  washed  with  water,  alcohol,  and  ether,  and  dried  to  constant  weight.  The  quinone  did  not  melt 
when  heated  to  400*.  It  was  insoluble  in  organic  solvents,  though  it  did  dissolve  in  aqueous  caustic  alkalies,  pro¬ 
ducing  violet -blue  solutions  that  were  decolorized  by  hydrosulfite. 

0.1026  g  substance;  25.5  mi  N*  (24",  740  mm).  Found  %;  N  27.81.  C,H60iN4,  Calculated  %;  N  27.72. 

c)  1,2,4  5  ■Diimidazolo-3.6-benzoqdmo:ne.  This  was  prepared  exactly  like  the  quinones  described  above. 

In  this  case,  however,  it  is  best  to  isolate  it  from  the  reaction  mass  as  a  base,  owing  to  the  high  solubility  of  its 
sulfate  in  water.  This  was  done  by  diluting  the  reaction  mass  with  water  and  partially  neutralizing  it  with  am¬ 
monia.  The  irecipitated  base  was  filtered  out  and  washed  wel  1  with  water,  alcohol,  and  ether.  One  gram  of 
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diimidazolobenzene  yielded  approximately  1  g  of  the  quinone  base.  The  color,  solubility,  and  properties  of  this 
product  hardly  differ  from  those  of  the  compounds  described  previously. 


0.1012  g  substance:  0.1892  g  CO*,  0.0201  g  HjO.  0.1297  g  substance:  33.6  ml  Nj  (22*,  752  mm). 

Found  <7o:  C  50.93;  H  2.20;  N  29.66.  CaH40,N4.  Calculated  ojo-.  C  51.06;  H  2.13;  N  29.79. 

d)  Methylphenyl-l,2,4,5-diimidazolo-3,6-benzoquinone.  2.6  grams  of  methylphenyl-l,2,4,5^iimidazolo- 
benzene  disulfate  (cf.  [1]  for  its  synthesis)  was  dissolved  by  heating  it  in  60  ml  of  50-60^  sulfuric  acid,  and  a  solu¬ 
tion  of  1.5  g  of  chromic  acid  in  2-3  ml  of  water  was  added.  Chilling  resulted  in  crystallizing  out  a  minute  quan¬ 
tity  of  the  sulfate  of  the  original  product,  which  was  filtered  out  and  converted  into  the  hydrochloride  [1],  This 
yielded  approximately  0.5  g  of  this  salt. 

The  green  mother  liquor  was  diluted  with  4  times  its  volume  of  water,  which  caused  it  to  turn  red.  It 
was  neutralized  with  ammonia  and  then  with  sodium  acetate  until  it  no  longer  reacted  acid  with  Congo  red,  after 
which  the  precipitated  violet-red  reaction  product  was  filtered  out  and  washed  well  with  water.  The  product  was 
purified  by  recrystallizing  it  from  200  ml  of  dilute  hydrochloric  acid,  from  which  it  was  recovered  as  well-formed , 
bright-red  needles  of  the  monohydrochloride.  They  were  thoroughly  washed  with  absolute  alcohol  and  ether,  and 
then  dried.  The  yield  was  1.5  g. 

0.1024  g  substance;  0.0482  g  AgCl.  Found  Cl  11.65.  CbHi,0,N4*  HCl.  Calculated  Cl  11.29. 

When  the  mother  liquor,  which  contained  hydrochloric  acid,  was  not  washed  out  of  the  monohydrochloride 
before  the  latter  was  dried,  the  salt  gradually  turned  into  the  light -yellow  sulfate.  The  latter  salt  was  also  analyzed. 

0.1359  g,  0.1366  g  substance:  0.1128  g,  0.1131  g  AgCl.  Found  <5^;  Cl  20.5,  20.5  Ci5Hi,OjN4*  2HC1. 

Calculated  Cl  20.25. 

Both  salts  of  the  quinone  in  question  were  somewhat  soluble  in  cold  water,  but  they  hydrolyzed  when  only 
gently  heated,  a  finely  crystalline,  more  deeply  colored  quinone  base  settling  out.  It  was  filtered  out,  washed  with 
water,  alcohol,  and  ether,  and  then  dried  to  constant  weight. 

0.1045  g  substance:  0.2475  g  COj,  0.0341  g  HfO.  0.1187  g  substance;  20.8  ml  (22*,  752  mm). 

Found  <7o:  C  64.5;  H  3.62;  N  20.07.  Ci5Hi|CVl(4.  Calculated  C  64.75;  H  3.59;  N  20.17. 

The  quinone  base  dissolved  in  caustic  alkalies,  producing  a  violet  color;  when  these  solutions  were  cooled, 
they  were  decolorized,  the  quinone  salt  crystallizing  out  in  beautiful  needles.  This  salt  could  be  recrystallized 
from  water,  being  obtained  as  large  green  needles. 

e)  Methyl-fl^yridyl-l,2,4,5-diimidazolo^,6-benzoquinone.  1.7  grams  of  methyl-6 -pyridyl-l,2,4.5-diimld- 
azolobenzene  was  dissolved  in  15  ml  of  concentrated  sulfuric  acid,  the  solution  was  diluted  with  30  ml  of  water, 
and  a  solution  of  3  g  of  chromic  acid  in  5  ml  of  water  was  added.  When  the  vigorous  reaction  was  over  and  the 
solution  had  cooled,  the  slight  precipitate  was  filtered  out,  the  solution  being  diluted  with  water  to  make  200  ml 
and  then  neutralized  until  its  reaction  was  rather  rigorously  neutral.  The  resulting  red  precipitate  of  the  quinone 
base  was  filtered  out  and  washed  with  water,  alcohol,  and  ether.  The  yield  totaled  0.7  g  (judging  by  the  ted  color 
of  the  solution,  part  of  the  product  was  lost  in  the  mother  liquor).  The  product  dissolved  readily  in  dilute  acids, 
producing  yellow  solutions,  from  which  no  quinone  salt  could  be  isolated.  Heating  in  aqueous  alkalies  produced 
violet-blue  solutions,  from  which  a  crystalline  precipitate  settled  out  upon  cooling,  the  solutions  being  decolorized. 

0.1032  g  substance:  22.2  ml  Nj  (15*,  750  mm).  Found  °]o:  N  25.17.  Ci4H^N5.  Calculated ‘jb:  N  25.09. 

II.  Chlorination  and  Bromination  of  1 , 2 , 4, 5 -Dimid azo lobenz ene  Derivatives 

One  gram  of  1,2,4,5-diimidazolobenzene  or  of  one  of  its  derivatives  was  always  dissolved  in  50  ml  of  dilute 
hydrochloric  acid,  and  gaseous  chlorine  was  passed  through  the  resultant  solutions.  White  precipitates  of  the  respec¬ 
tive  dichloro  derivatives  gradually  separated  as  hydrochlorides.  They  were  filtered  out  and  crystallized  several 
times  from  water  containing  hydrochloric  acid. 

a)  The  yield  of  3,6-dichloro-l,2,4,5'<iiimidazolobenzene  dihydrochloride  totaled  1.5  g.  White  crystals, 
soluble  in  cold  water  and  settling  out  when  these  solutions  were  heated,  owing  to  hydrolysis.  Adding  hydrochloric 
acid  produces  dissolution,  while  an  excess  of  the  hydrochloric  acid  salts  the  substance  out  of  the  solution. 

Determimng  the  ionizing  chlorine:  0.1012  g,  0.1015  g  substance;  0.0971  g,  0.0973  g  AgCl.  Found 

Cl  23.70,  23.68.  C,H4N4|Cl2  •  2HC1.  Calculated  ‘Jb:  Cl  23.67. 


1073 


J 

Determ:.mng  total  chlorine;  0.1025  g,  0.1073  g  substance;  0.1960  g^  0.2055  g  AgCl  (Carlus). 

Found  Cl  47.28,  47.25.  Calculated  Cl  47.33. 

b)  The  yield  of  methyl  3.6-dichloro4,2  4  5-diimidazolobenzene  hydrochloride  was  1.5  g.  It  differed  from 
the  preceding  product  only  in  its  poor  solubility  in  water  and  particularly  in  dilute  hydrochloric  acid. 

Determining  the  ionizing  chlorine;  0.1100  g  substance;  0.0997  g  AgCl.  Found  Cl  22.4. 

C,H,N4C1,*2HC1.  Calculated  Cl  22.6. 

c)  Dimethyl-3,6-<iichlorO"l,2.4,5-diimidazolobenzene  dihydrochloride.  1.4  g  yield.  It  differed  from  the 
preceding  compounds  only  in  its  somewhat  poorer  solubility. 

Determining  the  ionizing  chlorine;  0.1068  g,  0.1157  g  substance;  0.0935  g,  0.1005  g  AgCl. 

Found  Cl  21.67,  21.5.  Ci^HgN^iCij  •  2HCL  Calculated  Cl  21.65 

Determimng  the  total  chlorine;  0.1027  g,  0.1003  g  substance;  0.1822  g,  0.1773  g  AgCl  (Carius), 

Found  Cl  43.71,  43.7.  CijHigl^Cl*.  Calculated  <^oi  Cl  43.29. 

Part  of  the  product  was  converted  into  a  base  by  treating  it  with  aqueous  ammonia,  the  base  being  thoroughly 
washed  with  water  and  dried  before  analysis. 

0.1004  g,  0.1001  g  substance;  0.1119  g,  0.1110  g  AgCL  Found  Cl  27.55,  27.45.  Ci,H8N4Cli. 

Calculated  <^;  Cl  27.85. 

d)  Methylphenyl-3, 6<ichlorO“l,2  4,5-<iiimidazolobenzene  hydrochloride.  1.1  g  yield.  The  product  dissolved 
with  difficulty  in  water, slightly  acidulated  with  hydrochloric  acid,  and  differed  from  the  preceding  compounds  in 
precipitating  monohydrochloride. 

Determining  the  ionizing  chlorine;  0.0906  g  substance;  0.0367  g  AgCl.  Found  %  Cl  10.03. 

CuHi^4Cl4*HCl.  Calculated  Cl  10.3. 

Determining  the  total  chlorine;  0.1055  g  substance;  0.1279  g  AgCl  (Carius).  Found  Cl  30.01. 

CssHiii^Cl,.  Calculated  Cl  30.13. 

2)  All  the  derivatives  of  dirmidazolobenzene  were  brominated  as  follows;  0.005  mole  of  the  original  com¬ 
pound  was  dissolved  in  50  ml  of  water,  to  which  the  necessary  quantity  of  sulfuric  acid  was  added.  1.6  grams  of 
bromine  was  added  to  the  resulting  solution,  and  the  whole  was  agitated  vigorously.  The  bromination  product  soon 
settled  out;  it  was  filtered  out  and  crystallized  horn  water  contalmi^  hydrochloric  acid. 

a)  3,6  ■Dib:omo-1.2,4,5  -dumidazolobenzene  dihydroctiloride. 

Determining  the  ionizing  cHio;  ,’.ne;  0.1015  g,  0.10  26  g  substance;  0.0747  g,  0.0755  g  AgCl.  Found 
Cl  18.20,  18.25.  •  2HCi.  Calculated  ofc- Cl  18.25. 

Treating  the  product  with  aqueous  ammonta  converted  it  into  a  base,  which  was  thoroughly  washed  with 
water  and  dried,  after  which,  it  was  analyzed. 

0.1002  g,  0  1076  g  Substance;  0.1189  g,  0.1279  g  AgBr.  Found  <7o;  Br  50.65,  50.67. 

Calculated  B.  50,63. 

b)  Metnyl-3,6-dibromO"l: 2,4,5  gLimidazolobenzene  diiiydrochloride. 

0.1007  g,  0.1101  g  substance;  0.0716  g,  0.0782  g  AgCl.  Found  Cl  17.58,  17.6,  CsHgN^r, » 2HC1. 

Calculated  Cl  17.61. 

The  bromine  in  the  free  base  was  de'eimined  by  the  Carius  method; 

0.0987  g,  0.0951  g  substance;  0.1120  g,  0.1081  g  AgBr.  Found  <5fc;  Br  48.3,  48.45.  CjHgN^ru, 

Calculated  Bi  48.48. 

c)  Dimethyl-3,6-dib:'.omo-l,2,4. 5  <tl.imvdazoiobenzene  dthyrochlor  ide. 

0.0990  g,  0.0984  g  substance:  0.0686  g,  0.0680  g  AgCl.  Found  Cl  17.09,  17.07. 

CioHjN^pi*  •  2HC1.  Calcula-ed  Cl  17.05. 


The  bromine  in  the  free  base  was  dete-.mtned  by  the  Carius  method; 


0.1087,  0.1008  g  substance:  0.1201  g,  0.1101  g  AgBr.  Found  <5;):  Bt  47.0,  46.45. 

Calculated  <7o:  Br  46.51. 

3)  The  chloro  and  bromo  derivatives  were  oxidized  and  the  quinones  were  isolated  by  about  the  same  meth¬ 
ods  as  those  described  in  detail  in  Part  (1)  of  the  experimental  section.  The  quinones  synthesized  from  the  halogen 
derivatives  were  identified  with  those  synthesized  previously  by  their  properties  and  qualiutive  reactions.  Moreover, 
we  checked  the  absence  of  halogen  in  these  compounds  by  a  Beilstein  test  in  every  case.  All  of  these  tests  were 
negative.  The  oxidation  of  the  dibromo  derivative  of  dimethyldiimidazolobenzene  is  described  below  by  way  of 
example. 

0.6  gram  of  the  dibromide  was  dissolved  in  10  ml  of  concentrated  sulfuric  acid  and  then  diluted  with  15 
mi  of  water.  0.5  gram  of  chromic  acid  was  added  to  the  solution,  which  was  then  heated  to  boiling.  The  odor 
of  the  liberated  bromine  became  clearly  perceptible  and  the  oxidation  reaction  proceeded.  As  the  solution  cooled 
the  quinone  sulfate  settled  out;  it  was  purified  as  described  above  (see  la).  It  contained  no  halogen,  and  its  proper¬ 
ties  indicated  its  identity  with  the  compound  (IV)  described  previously. 

III.  Nitration  of  Diimldazolobenz ene  Derivatives. 

0.01  gram  of  the  origmal  diimidazolobenzene  derivative  was  dissolved  in  12  ml  cone,  sulfuric  acid  and  a 
nitrating  mixture  of  0.5  ml  of  nitric  acid  (sp.gr.  1.48)  and  1  ml  of  sulfuric  acid  was  added  a  drop  at  a 
time  at  15'20*,  with  mechanical  stirring.  After  the  mass  had  stood  for  half  an  hour,  it  was  poured  into  100  ml  of 
water  and  carefully  neutralized  with  ammonia.  Bright-yellow  products  settled  out;  they  were  filtered  out,  thor¬ 
oughly  washed  with  water,  and  dried,  after  which  it  was  crystallized  horn  alcohol.  The  product  yields  approached 
the  quantiutive. 

The  synthesized  substances  were  only  very  slightly  soluble  in  water,  freely  soluble  in  aqueous  solutions  of 
mineral  acids,  producing  colorless  solutions,  somewhat  less  soluble  in  acetic  acid,  hreely  soluble  in  caustic  alka¬ 
lies,  and  moderately  soluble  in  ammonia.  They  settled  out  of  solution  as  yellow  needles  at  their  isoelectric  point. 
The  melting  point  of  the  products  lay  above  360”. 

a)  Nitrodiimidazolobenzene  (XVI). 

0.0105  g  substance;  29.3  mx  N|  (15”,  760  mm).  0.0955  g  substance;  28.0  ml  Nj  (16*,  760  mm). 

Found  N  34.60,  34.65.  CgHfeOiNj.  Calculated  <5i);  N  34.48. 

b)  Nitromethyldlimidagolobenzene  (XVII). 

0.0982  g  substance;  26.4  ml  (IS'",  770  mm)  0.0809  g  substance;  22.1  ml  Nf  (17*,  770  mm). 

Found  N  32.20,  32.55.  C,H;0,Nb.  Calculated  N  32.26. 

c)  Nitiodimethyldiimldazoiobenzene  (XVIII). 

0.1175  g  substance;  30.3  ml  Nj  (24”,  774  mm).  Found  <5!»;  N  30.28.  Ci^HfOiNs.  Calculated  N  30.30. 

We  attempted  to  nitrate  these  compounds  further  under  varying  conditions,  but  without  success.  For  instance, 
4  g  of  the  nitro  product  (XVIII)  was  refluxed  in  a  solution  of  4  ml  of  concentrated  sulfuric  acid  and  8  ml  of  nitric 
acid  (sp.  gr.  1.5)  for  three  hours.  The  mass  was  poured  into  water  and  neutralized  with  ammonia.  A  yellow  product 
settled  out,  which  was  filtered  out  and  purified,  proving  to  be  the  original  compound.  Refining  yielded  3.5  g  of  the 
substance. 

We  attempted  to  oxidize  these  compounds  by  boiling  them  with  a  chromic  acid  mixture  the  sulfuric  acid 
in  which  was  raised  as  high  as  IQP^.  The  oxidant  was  gradually  consumed  [1.5  g  of  chromic  anhydride  being  taken 
per  gram  of  the  nitro  product  (XVIII)  ],  but  sail  the  proouct  was  recovered  unchanged. 

SUMMARTt 


The  hypothesis  advanced  in  our  precedtng  report  [1]  that  the  benzene  rmg  is  deformed  by  benzimidazole 
derivatives  enabled  us  to  draw  the  theoreacai  conclusion  that  1,2,4,5-drimidazolobenzene  and  anthracene  were  chem¬ 
ically  similar  in  the  constitution  of  their  central  benzene  rings.  This  conclusion  has  been  confir  med  by  oui  expend 
mental  investigation  of  the  chemical  pioperties  of  diimidazolobenzene  derivatives.  In  our  research  we  have  secured 
new  derivatives  of  1,2,4,5'diimidazolobenzene,  as  well  as  chloro,  bromo,  and  nitro  derivatives  of  1,2  4,5-diimidazo- 
lobenzene. 
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THIAZOLIDINE  -4-C  A  RB  OX  Y  L IC  ACID  AND  ITS  DERIVATIVES 


II.  S-SUBSTITUTION  DERIVATIVES  OF  CYSTEINE  AND  THEIR  TRANSFORMATION  INTO  DERIVATIVES  OF 

THIAZOLIDINE^-CARBOXYLIC  ACID 

I.  T.  Strukov 


In  Report  I  we  showed  [1]  that  It  is  fairly  easy  to  close  the  pyrrolidine  ring,  producing  thiazolidine-pyrroli- 
dine  ring  systems. 

In  the  present  research  we  endeavored  to  use  this  method  to  secure  simple  model  compounds  with  a  thiazoli- 
dine-6 -lactam  ring  system  by  synthesizing  2-(a-phenyl-<i-carbethoxymethyl)-thiazolidine-4-carboxylic  acid  [1] 
from  1^ -cysteine  hydrochloride  and  ethyl  formylphenylacetate  (II)  [2]. 

We  were  unable  to  close  the  6 -lactam  rmg,  however;  no  reac¬ 
tion  took  place  when  the  compound  (I)  was  heated  to  100*,  while  car¬ 
bon  dioxide  and  hydrogen  sulfide  were  given  off  at  150-160*.  It  was 
apparent  that  the  foregoing  method  could  not  be  employed  in  this 
instance.  The  same  result  was  secured  when  2-(a-phenylTa-carbethoxy- 
methyl)-thiazolidine-4-carboxylic  acid  was  used.  We  therefore  tried  to 
saponify  the  ester  group  in  (I)  and  then  close  the  B -lactam  riqg.  We  found  that  saponifying  it  in  an  aqueous  alco¬ 
holic  solution  with  sodium  hydroxide  under  mild  conditions  simultaneously  ruptured  the  thiazolidine  ring. 

Preparation  of  2-(a -phenyl-a -carboxymethyl)-thiazolidine-4-carboxylic  acid  (VII)  by  another  method  required 
formylphenylacetic  acid  (V),  which  we  thought  we  could  produce  from  its  ester,  but  when  we  saponified  ethyl  formyl¬ 
phenylacetate  under  relatively  mild  conditions  we  got  phenylacetic  acid  rather  than  formylphenylacetic  acid.  The 
formyl  group  proved  to  be  unstable  in  the  presence  of  an  aqueous-alcoholic  alkali. 

We  managed  to  prepare  formylphenylacetic  acid  from  ethyl  formylphenylacetate,  however,  via  the  diethyl 
acetal  of  ethyl  formyli^enylacetate  (m)  and  the  diethyl  acetal  of  formylphenylacetic  acid  (IV),  by  treating  the 
latter  with  concentrated  hydrochloric  acid: 


CH,-S 

ioOC^Hs 

:ooH 


(I) 


CX:H-CH-C«Hg 
COOCjHs 


(D) 


(C,H|0),  ==CH-CH-C,Hb 
COOCjHg 


(HI) 


(C,H50)j=CH-CH-C«H5 

(IV) 


HOCH=C-CeI% 

(V) 


:ooH 


It  was  synthesized  in  the  oxymethylene  form.  Oxymethylenephenylacetic  acid  is  fairly  stable  in  an  acid 
medium,  but  is  readily  decomposed  by  an  alkali,  yielding  phenylacetic  acid. 


When  oxymethylenephenylacetic  acid  is  condensed  with  1-cysteine  hydrochloride  in  methanol  at  room 
temperature,  carbon  dioxide  is  liberated  and  2“benzylthiazolidine-4-carboxylic  acid  (VI)  is  produced,  which  readily 
hydrolyzes  in  water: 


CHj-SH 

r 


NH,  •  HCl 
OOH 


hcx:h=c-C6H5 
COOH  - 


^CH-CH,CgH5 
CH-NH • HCl 

ioOH+COi+HjO  (VI) 


The  same  results  were  obtained  when  this  reaction  was  carried  out  in  pyridine.  It  was  found  that  pyridine 


breaks  down  oxymethylenephenylacetic  acid  very  rapidly,  forming  phenylacetaldehyde  and  carbon  dioxide.  Hence, 
the  cysteine  reacts  with  the  phenylacetaldehyde  rather  than  with  the  oxymethylenephenylacetic  acid,  giving  rise  to 
the  compound  (VI).  Only  once  were  we  able  to  prepare  2-(a  ^henyl-a  -carboxymethyl)-thiazolidine'4-carboxylic 
acid  (Vn):  by  condensing  the  diethyl  acetal  of  formylphenylacetic  acid  with  ].-cysteine  hydrochloride. 

All  attempts  to  repeat  that  experiment  were  unsuccessful,  2-benzylthiazolidine^- 
carboxylic  acid  being  secured  every  time. 

Inasmuch  as  oxymethylenephenylacetic  acid  Is  fairly  stable  in  an  acid  medium,  we 
tried  to  condense  it  with  dl-cysteine  in  concentrated  hydrochloric  acid  at  0*.  This  yielded 
S“6-(a-phenyl-a-carboxy)-ethylenecysteine  hydrochloride  instead  of  the  thiazolidine  com¬ 
pound  (Vn);  we  isolated  the  free  acid  (Yin)  from  this  hydrochloride. 

Concentrated  hydrochloric  acid  apparently  blocks  the  primary 
amino  group,  which  does  not  take  part  in  the  reaction. 

The  reaction  followed  the  same  lines  when  ethyl  formylphenyl- 
acetate  and  ethyl  methoxymethylenephenylacetate  (IX)  were  condensed 
with  dl-cysteine.  In  both  cases  we  secured  the  hydrochloride  of  S-6- 
(a -phenyl-<r -carbethoxy)-ethylenecysteme  (X),  from  which  we  isolated  the 


CH8-S-CH=C-C«H5 
CH-NH  COOH 
COOH  (Vni) 

free  acid  (XI)f 
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'>CH-CH-C,H5 


I 


H-NH 
OOH 


(X)H 


(VII) 


CH,-SH 

in- 


NH,  •  HCl 
OOH 
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Ethyl  formylphenylacetate  exists  m  three  tautomeric  forms  [3],  though  only  the  oxymethylene  form  can 
yield  the  compound  (X).  Hence  the  yield  when  ethyl  methoxymethylenephenylacetate  was  used  was  about  twice 
as  high  a  s  when  we  used  ethyl  formylphenylacetate. 


The  S-substitution  derivatives  of  cysteine,  in  which  the  sulfur  is  linked  to  a  carbon  atom  that  has  a  double 
bond,  may  be  regarded  as  a  uutomeric  form  of  thiazolidine  compounds,  though  we  know  of  no  instances  of  a  con¬ 
version  of  thiazolidine  compounds  into  S-substituted  compounds.  The  physical  and  chemical  {properties  of  the 
S-substitution  derivatives  of  cysteine  differ  greatly  from  those  of  the  corresponding  thiazolidine  compounds:  they 
are  not  oxidized  by  an  iodine  solution,  they  do  not  react  with  mercuric  chloride  in  the  cold,  they  form  freely 
water-soluble  salts  with  mineral  acids,  and  their  acetyl  compounds  have  Ipw  melting  points.  The  thiazolidine 
compounds  described  by  Ramer  and  Clarke  [4]  and  other  authors  behave  differently.  Compound  (I),  in  particular, 
is  oxidized  by  iodine  and  reacts  with  mercuric  chloride  to  form  a  precipitate  of  a  complex  mercuric  salt  of  cys¬ 
teine  and  the  formylphenylacetic  ester,  and  its  hydrochloride  is  readily  hydrolyzed  by  water. 


It  is  worthy  of  note  that  the  aldehydic  form  of  the  formylphenylacetic  ester  can  be  secured  in  the  pure 
state  by  oxidizing  the  thiazolidine  compound  (I)  with  iodine.  This  method  of  converting  compounds  that  have 
two  tautomeric  forms— the  aldehydic  and  the  oxymethlenic  —  by  transforming  them  into  thiazolidine  compounds 
may  make  it  possible  to  isolate  only  the  aldehydic  form  in  the  pure  state. 

In  connection  with  the  synthesis  of  S  -substitution  derivatives  of  cysteine  the  idea  arose  of  trying  to  con¬ 
vert  the  compound  (XI)  into  a  compound  with  a  seven -membered  ring  system  (XII),  in  the  expectation  that  a 
further  shift  of  hydrogen  from  the  nitrogen  atom  to  the  double  bond  would  take  place,  yielding  the  thiazolidine- 
6 -lactam  ring  system  (XIII):  (see  top  of  next  page). 

According  to  Fisher  [5]  stx-membered  ring  systems  may  be  closed  rather  readily  in  an  intramolecular 
reaction  of  the  methyl  esters  of  A-amino  acids.  Though  closing  the  seven -membered  rings  of  esters  of  £-amino 
acids  is  much  more  difficult,  testing  this  hypothesis  was  of  extraordinary  interest  in  solving  problems  involved  in 
the  synthesis  of  penicillin. 

As  a  matter  of  fact,  we  obtained  the  thiazolidine  compound  (I)  whenever  we  heated  the  sodium  salt  of 
S-0-(a^henyl-U“carboethoxy)"ethylenecysteine  or  the  free  acid  in  pyridine.  In  an  amino  group  that  is  not  linked 
to  hydrogen  chlonde,  therefore,  the  hydrogen  resumes  its  mobility  and  shifts  to  the  double  bond,  resulting  in 
closure  of  the  thiazolidine  ring.  The  same  holds  true  of  the  carbomethoxy  analog  as  in  the  compound  (VIII), 
no  thiazolidine  compound  is  formed.  Elatner  and  Clarke  consider  thiazolidine  compounds  to  be  in  a  state  of 
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equilibrium  with  cysteine  and  the  aldehyde. 


CHj-S-CH=C-CeH5 

k 


CH2-S-CH=C-C^ 

in— NH — io 

k 


:ooH 


(XII) 


CHjS 

NcH-CH-CgHg 

CH-N - to 


iOOH 


(XIII) 


When  thiazolidine  compounds  are  acylated,  the  bonds  between  the  sulfur  and  nitrogen  atoms  and  the  carbon 
atoms  are  stabilized,  and  the  sulfur  is  not  oxidized  by  iodine.  We  were  able  to  saponify  the  acetyl  compound  (XIV) 
produced  by  acetylating  2-(a -phenyl -a -carbomethoxymethyl)-thiazolidine-4-carboxylic  acid  (I),  obtaining  2-(a- 
phenyl-a-carboxymethyl-N-acetylthiazolidine'4-carboxylic  acid  (XV); 


CHj - S 

<:H - N  COOCHj 

ioOH  toCHs 


(XIV) 


CH*-S 

VH-CH-CgHg 

CH-N  COOH 

[  ^OCH. 

COOH  ’ 

(XV) 


Stabilization  of  thiazolidine  compounds  by  acylating  an  amino  group  is  an  exuemely  interesting  problem 
in  theoretical  chemistry.  It  is  hard  to  judge  the  strength  or  die  stability  of  the  bonds  in  most  organic  molecules. 
When  we  compare  the  compounds  (XI)  and  (XIV),  we  can  hardly  say  that  the  bond  between  the  sulfur  and  the  car¬ 
bon  atom  in  the  ethylene  group  in  (XI)  is  more  stable  than  in  the  compound  (XIV).  But  when  thiazolidine  com¬ 
pounds  are  acylated,  the  energy  expended  in  binding  the  nitrogen  atom  to  the  CHjCO  group  is  taken  from  the 
nitrogen,  thus  reinforcing  the  bond  between  the  sulfur  and  carbon  atoms  in  the  compound  (XIV). 

As  for  the  instability  of  oxymefhylenephenylacetic  acid,  it  must  be  assumed  that  it  is  related  to  the  mobility 
of  the  hydrogen  in  the  oxymethylene  group,  which  results  in  this  compound’s  existing  in  several  tautomeric  forms. 
This  also  gives  rise  to  the  differing  nature  of  its  cleavage:  it  is  converted  into  phenylacetic  acid  by  the  action  of 
an  alkali,  while  dissolution  in  pyridine  converts  it  into  phenylacetaldehyde  and  carbon  dioxide. 


EXPERIMENTAL 

2-<a  -Phenylng  ■-carbethoxymethyl)-thiazolidlne-4-carboxylic  acid.  10  grams  of  ^-cysteine  hydrochloride, 
12  g  of  ethyl  formylphenylacetate,  and  2  ml  of  water  were  placed  in  a  50-toI  round -bottomed  flask  and  heated 
and  stirred  for  15  minutes  on  a  boiling  water  bath,  producing  a  transparent,  light-yellow  solution.  The  solution 
was  gradually  poured  into  250  ml  of  water,  and  46  ml  of  an  S^o  solution  of  sodium  bicarbonate  was  slowly  added. 
The  next  day  the  precipitate  was  filtered  out,  washed  with  water,  and  dried  in  a  vacuum  desiccator.  Then  it  was 
washed  with  ether  and  recrysullized  from  alcohol.  Very  thin  needles  with  an  m.p.  of  168-169*  (with  decomposi¬ 
tion). 

8.239  mg  substance:  0.337  ml  Nj  (21.5*,  757  mm).  7.735  mg  substance;  0.308  ml  Nj  (19*,  758  mm). 

Found  <7o:  N  4.64,  4.71.  CuHi^4NS.  Calculated  °lo:  N  4.74. 

The  hydrochloride  of  the  2~(a  -phenyl-a  -carbethoxymethyl)-thiazolidine-4-carboxylic  acid  was  prepared 
by  passing  anhydrous  hydrogen  chloride  through  an  ether  solution  of  the  acid;  m.p.  163-16?  (with  decomposi¬ 
tion).  2  grams  of  the  acid  was  dissolved  in  20  ml  of  water,  a  solution  of  sodium  bicarbonate  was  gradually  added, 
and  the  solution  was  treated  with  an  O.IN  solution  of  iodine  until  the  light-yellow  coloring  persisted  for  several 
seconds.  The  solution  was  treated  with  three  times  its  weight  of  ether,  the  ether  extract  was  dried  with  sodium 
sulfate,  the  ether  was  driven  off,  and  the  residual  oil  was  distilled  in  vacuo.  B.p.  135-140“  at  10  mm.  The  oil 
crystallized,  the  crystals  being  washed  with  gasoline.  This  yielded  flakes  with  an  m.p.  of  70-71*,  which  ex¬ 
hibited  a  silver  mirror  reaction.  They  were  Identified  as  the  keto  form  of  ethyl  formylphenylacetate,  synthe¬ 
sized  by  Wislicenus  [2]. 

After  the  ether  extraction  Lcysteine  was  recovered  from  the  aqueous  solution  as  regular  hexagonal 
crystals. 
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Methyl  ester  of  2“(a -phenyl  ■<[-ca!rbethoxymethyl)  -thia2olidine-4-carbo.xylic  acid.  5  giams  of  the  acid  was 
dissolved  in  50  ml  of  methanol,  and  the  chilled  solution  was  saturated  with  hydrogen  chloride.  The  next  day  the 
solvent  and  the  hydrogen  chloride  were  driven  off  in  vacuo,  and  the  remaining  thick  yellow  oil  was  dissolved  in 
water,  the  resulting  solution  being  alkalinized  and  the  substance  that  separated  out  being  extracted  with  ether. 

The  extract  was  washed  with  water  and  dried  with  anhydrous  sodium  sulfate,  the  ether  being  driven  off  and  the  resid 
ual  oil  being  dried  in  vacuo.  It  weighed  4.7  g.  The  yellow  oil  was  freely  soluble  in  alcohol,  ether,  acetone,  and 
benzene. 

7.299  mg  substance?  0.285  ml  (19*,  741.4  mm).  Founds*  N  4.45.  CjsHjigO^NS.  Calculated  N  4.53. 

2-<a  -Phenyl-<i  -carbethoxymethyl)-N  •acetylthiazolidine-4-carboxylic  acid.  2  grams  of  2-(a  ^henyl-a  - 
carbethoxymethyl)-thiazolidine-4-carboxylic  acid  was  dissolved  in  5  ml  of  pyridine,  and  1  ml  of  acetic  anhydride 
was  added.  One  hour  later  the  mass  was  gradually  poured  into  20  ml  of  20  sulfuric  acid.  The  resulting  preci¬ 
pitate  was  filtered  out,  washed  with  water,  dried,  and  recrystallized  from  methanol;  m.p.  209-211*.  The  substance 
was  freely  soluble  in  methanol,  ether,  and  acetone,  less  so  in  benzene. 

7.467  mg  substance;  0.284  ml  Nj  (20.5®,  723  mm).  Found  “jt;  N  4.20.  Calculated  <^5);  N  4.15. 

Attempt  to  close  the  g-iacum  ring,  a)  By  heating  the  free  acid.  4  grams  of  2-(tt-phenylTa-carbethoxy- 


ml  of  absolute  ethyl  alcohol,  and  3  g  of  hydrogen  chloride  was  passed  through  the  solution,  after  which  the  solu¬ 
tion  was  refluxed  for  3  hours.  When  it  had  cooled,  10  g  of  a  50^  solution  of  potassium  hydroxide  was  added,  the 
precipitated  potassium  chloride  being  filtered  out  10  minutes  later,  the  alcohol  driven  off  in  vacuo,  and  the 
residual  oil  dissolved  in  200  ml  of  ether.  The  ether  solution  was  washed  at  0*  with  120  ml  o{  &  IQPjo  solution  of 
potassium  hydroxide  and  then  with  water,  and  dried  with  sodium  sulfate,  after  which  the  ether  was  driven  off. 
The  residue  was  fractionated,  a  fraction  with  a  b.p.  of  142-143®  at  9-10  mm  being  collected.  The  yield 
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totaled  40  g.  A  colorless  oil  with  an  extremely  faint  odor  and  a  sp.gr.  of  1.0397  at  20*. 

5.149  mg  subs.;  12.875  mg  COf;  3.578  mg  HfO.  4.600  mg  subs.;  11.504  mg  CO^;  3.233  mg  H^O. 

Found C  68.19,  68.2;  H  7.76,  7.86.  CuHaO^.  Calculated  C  67.67;  H  8.36. 

Diethyl  acetal  of  formylphenylacetic  acid.  40  g  of  the  diethyl  acetal  of  ethyl  formylphenylaceute,  120  ml 
of  methanol,  20  g  of  a  50%  solution  of  sodium  hydroxide,  and  10  ml  of  water  were  allowed  to  stand  for  two  days  at 
15-20*.  Then  the  methanol  was  driven  off  in  vacuo  on  a  water  bath.  The  remaining  solution  was  diluted  with  200  ml 
of  water  and  extracted  3  times  with  ether,  the  extracts  being  discarded. 

The  ether  was  driven  out  of  the  aqueous  solution  of  the  product,  which  was  treated  with  2  g  of  activated 
charcoal  and  filtered,  the  filtrate  being  carefully  neutralized  at  0*  with  hydrochloric  acid  until  its  reaction  with 
Congo  red  was  weakly  acid.  The  resulting  crystalline  precipitate  was  filtered  out,  washed  thoroughly  with  cold 
water,  dried  in  a  vacuum  desiccator,  and  recrystallized  from  toluene.  The  yield  totaled  25  g,  with  a  m.p.  of  121- 
123*  (with  decomposition).  Lamellae,  freely  soluble  in  alcohol  and  ether,  less  so  in  benzene. 

0.1033  g  subs.;  4.6  ml  0.1  N  NaOH.  0.0544  g  subs.;  2.35  ml  0.1  N  NaOH.  Found  %;  COOH  20.04,  19.44; 

OC2H5  38.38.  CisHi,04.  Calculated  %;  COOH  18.91;  OCjHj  38.38. 

When  the  diethyl  acetal  of  formylphenylacetic  acid  was  heated  in  vacuo  on  an  oil  bath  at  140-150*,  a  sub¬ 
stance  with  a  b.p.  of  85-88*  at  11  mm  was  driven  off.  A  colorless  oil  with  a  geranium  odor  that  exhibited  a  silver 
mirror  reaction.  It  was  identified  as  phenylacetaldehyde  [8]. 

4.317  mg  subs.:  12.689  mg  CO^;  2.765  mg  H,0.  Found  %:  C  80.16;  H  7.18.  C,H,0. 

Calculated  %;  C  80.00;  H  6.71. 

Oxymethylenephenylacetic  acid.  9  g  of  the  diethyl  acetal  of  formylphenylacetic  acid  was  mixed  widi  25 
ml  of  conc.hydrochloric  acid  at  0*  in  a  50^1  round-bottomed  flask  for  5  hours  while  anhydrous  hydrogen  chloride 
was  passed  through  the  flask.  The  reaction  mass  thickened.  50  ml  of  cold  water  was  added,  and  the  precipitate  was 
filtered  out  30  minutes  later  and  thoroughly  washed  with  ice  water.  Then  it  was  dried  in  a  vacuum  desiccator. 
Prisms  with  a  m.p.  of  101-103*,  which  had  the  odor  of  phenylacetaldehyde  (geranium).  The  subsunce  was  washed 
with  light  petroleum  ether.  It  was  freely  soluble  in  all  the  ordinary  organic  solvents,  with  the  exception  of  gasoline. 

The  pungent  odor  of  phenylacetyldehyde  appeared  when  it  was  heated  with  water  or  when  it  was  stored.  It 
had  the  oxymethylene  form,  an  aqueous  solution  being  turned  a  strong  blue  by  ferric  chloride.  Ammoniacal  silver 
nitrate  was  hardly  reduced  at  all  by  it.  It  decolorized  a  bromine  solution.  It  was  rapidly  decarboxylated  in  pyridine, 
yielding  phenylacetaldehyde. 

4.504  mg  subs.:  11.019  mg  CO^;  1.846  mg  1^0.  4.173  mg  subs.:  10.210  mg  CO|;  1.772  mg  I%0. 

Found  %;  C  66.72,  66.73;  H  4.59,  4.75.  C,HgO.  Calculated  %:  C  65.85;  H  4.87. 

2-Benzylthiazohdine-4-carboxylic  acid.  0. 9  g  of  l_-cysteine  hydrochloride,  1  g  of  oxymethylenephenylac¬ 
etic  acid,  and  4  ml  of  methanol  were  mixed  together,  and  the  resulting  solution  was  allowed  to  sund  at  room  temp¬ 
erature.  Carbon  dioxide  began  to  be  given  off  within  a  few  minutes.  Two  days  later  the  mass  was  gradually  poured 
into  20  ml  of  water,  carefully  neutralized  with  5  ml  of  an  8%  solution  of  sodium  bicarbonate  until  its  reaction  with 
Congo  red  was  weakly  acid,  and  then  diluted  1:1  with  acetone.  The  resultant  crystalline  precipitate  was  filtered 
out,  washed  with  water  and  dried  in  a  vacuum  desiccator.  A  small  amount  of  the  substance  was  quickly  recrystal¬ 
lized  from  hot  water.  Thin,  elongated  needles  with  a  m.p.  of  154-165*  (with  decomposition).  Sparingly  soluble  in 
water,  more  so  in  ether  and  alcohol,  insoluble  in  gasoline. 

5.950  mg  subs.:  0.285  ml  (19*,  738  mm).  0.5743  g  subs.;  0.0758  g  HjO.  Found  %:  N  5.43;  H|0  13.2. 

CuHij0,NS-2H20.  Calculated  %;  N  5.4;  H,0  13.89. 

The  same  substance  was  secured  by  condensing  1  g  of  cysteine  hydrochloride  at  50*  for  8  hours  with  0.9  g  of 
phenylacetaldehyde  in  1  ml  of  water  and  5  ml  of  methanol,  as  well  as  by  condensing  the  cysteine  hydrochloride 
with  oxymethylenephenylacetic  acid  in  pyridine. 

2-(  g-Phenyl-g  -carboxymethyl)-thiazolidine-4-carboxylic  acid.*  2  g  of  ^-cysteine  hydrochloride  was  heated 
with  0.8  ml  of  water  and  3  g  of  the  diethyl  acetal  of  formylf^enylacetic  acid  were  heated  and  stirred  together  for 
5  minutes  on  a  boilmg  water  bath.  At  first  the  mass  foamed  a  little,  but  then  boiled  up,  giving  off  alcohol  vapor, 
and  became  homogeneous.  It  crystallized  quickly  upon  cooling.  The  crystalline  mass  was  treated  with  50  ml  of 

*  This  synthesis  could  not  be  repeated. 
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acetone,  the  crystals  being  filtered  out  and  washed  with  acetone.  The  substance  was  recrystallized  from  of 
acetone.  Short  little  needles  with  a  m.p,  of  169-170“  (with  decomposition).  Freely  soluble  in  hot  water,  soluble  in 
methanol,  and  insoluble  in  acetone,  benzene,  and  chloroform.  When  boiled  in  water  it  decomposed  into  cysteine, 
phenylacetaldehyde,  and  carbon  dioxide. 

10.072  mg  subs.'  3.86  mg  0.01  N  HSO4.  0.0804  g  subs.;  6.0  ml  0.1  N  NaOH.  0.0688  g  subs.:  5.15  ml  0.1 
N  NaOH.  Found  ojo:  N  5.37;  COOH  33.57,  33.68.  CuHis04NS.  Calculated  <7o;  N  5.24;  COOH  33.69. 

S-  B-f  a-Phenyl-fl  -carboxy  )-ethylenecysteine.  3  g  of  the  diethyl  acetal  of  formylphenylacetic  acid  was 
stirred  at  0“  for  3  hours  with  20  ml  of  concentrated  hydrochloric  acid.  2  g  of  ^-cysteine  hydrochloride  was  added 
to  the  reaction  mass,  and  stirring  was  continued  for  3  more  hours  at  from  0“  to  5“,  the  oxymethylenephenylacetic 
acid  dissolving.  The  reaction  with  sodium  nitroprusside  for  a  free  mercapto  group  was  negative.  The  solution  was 
then  evaporated  in  vacuo  to  dryness.  A  crystalline  deposit  was  left  on  the  wall  of  the  flask,  which  was  dissolved  in 
15  ml  of  water;  the  solution  was  neutralized  until  its  reaction  with  Congo  red  was  barely  acid,  a  very  thick  oil  that 
gradually  crystallized  settling  out.  The  substance  was  recrystallized  from  hot  water.  Needles  with  a  m.p.  of  164- 
165“  (with  decomposition). 

This  same  compound  was  precipitated  by  adding  sodium  carbonate  to  a  solution  of  its  hydrochloride.  It  was 
freely  soluble  in  hydrochloric  acid,  sparingly  soluble  m  water  and  methanol,  and  insoluble  in  chloroform,  acetone, 
toluene,  ethyl  acetate,  and  gasoline. 

7.304  mg  subs.:  0.304  ml  1^  (23. 5“,  747  mm).  11.309  mg  subs.:  4.04  ml  0.01  N  HSO4.  11.434  mg  subs.; 

3.93  ml  0.01  N  H1SO4.  0.1266  g  subs,:  0.1108  g  BaS04.  Found  N  4.87,  5.00,  4.81;  S  12.01. 

CuHi^4NS.  Calculated  N  5.24;  S  11.98. 

0.4  g  of  the  substance  was  dissolved  in  20  ml  of  water  containing  4  ml  of  an  8®7o  solution  of  sodium  bicarb¬ 
onate.  The  solution  was  heated  to  70“  for  1.5  hours,  after  which  it  was  treated  with  charcoal,  filtered,  and  acidula¬ 
ted  at  0*  with  IQPjo  H2SO4  until  its  reaction  with  Congo  red  was  weakly  acid.  A  crystalline  precipitate  (clusters) 
gradually  settled  out.  The  next  day  the  substance  was  filtered  out  and  purified  by  converting  it  into  a  sodium  salt. 
Its  mixed  melting  point  with  S-8  -(a  -phenyl-  a  -carboxy  )-ethylenecysteine  exhibited  no  depression. 

Ethylmethoxymethylenephenylacetate.  13  g  of  ethyl  oxymethylenephenylacetate  was  added  to  60  ml  of  a 
solution  of  sodium  hydroxide  chilled  to  0“;  the  whole  was  agitated  vigorously  and  then  the  undissolved  substance 
was  extracted  2  or  3  times  with  ether,  which  was  discarded.  7  g  of  dimethyl  sulfate  was  added  to  the  aqueous  solu¬ 
tion,  and  the  reaction  mass  was  thoroughly  stirred  for  12  hours  at  15*20”.  The  supernatant  oil  was  extracted  with 
ether.  The  ether  extract  was  washed  with  a  solution  of  sodium  bicarbonate  and  dried  with  sodium  sulfate,  the  ether 
was  driven  off,  and  the  remaining  oil  was  distilled  in  vacuo,  a  fraction  with  a  b.p.  of  124-125*  at  3  mm  being  col¬ 
lected.  The  yield  was  6.8  g. 

S-  8  -(  g  -Phenyl-  a -carbethoxy)  -ethylene-^  1-cysteine  hydrochloride.  6.5  g  of  ethyl  methoxymethylene- 
phenylacetate  was  stirred  at  0“  with  5  g  of  dl-cysteine  hydrochloride  and  10  ml  of  cone. hydrochloric  acid,  and 
hydrogen  chloride  was  passed  through  the  reaction  mass  for  1  hour,  after  which  stirring  was  continued  for  another  2 
hours.  A  white  crystalline  substance  settled  out  after  some  time  had  passed.  The  mass  was  diluted  with  an  equal 
quantity  of  water,  and  the  crystals  were  filtered  out,  washed  thoroughly  with  20‘7o  hydrochloric  acid,  and  dried  in  a 
vacuum  desiccattx  over  alkali  and  sulfuric  acid.  The  substance  was  dissolved  in  acetone,  and  the  solution  was 
treated  with  ether,  a  white  crystalline  precipitate  weighing  6.2  g  with  a  m.p.  of  169-172”  (with  decomposition) 
settling  out. 

The  substance  was  freely  soluble  in  water  and  methanol,  somewhat  less  in  acetone,  and  only  very  slightly 
soluble  in  ether  and  toluene.  The  substance  was  precipiuted  from  aqueous  solutions  when  cone,  hydrochloric  acid 
was  added.  Its  nitroprusside  reaction  for  a  mercapto  group  was  negative,  and  it  could  not  be  titrated  with  iodme. 

7.359  mg  subs.;  2.16  ml  0.01  N  I^SQ*.  9.631  mg  subs.;  2.86  ml  0.01  N  1^504.  Found  <7o?  N  4.11,  4.16; 

S  9.7;  Cl  10.65,  10.81.  CuHi^4NSCl.  Calculated  <)(.:  N  4.22;  S  9.65;  Cl  10.71. 

S~  B  -(  a  -Phenyl-g  -carbethoxy)  -ethylene-dl-cysteine.  2  g  of  S-  6  -(  g  -phenyl-  g -carbethoxy)  -ethylene- 
^-cysteine  hydrochloride  was  dissolved  in  10  ml  of  methanol,  and  0.7  ml  of  pyridine  was  added.  The  next  day  the 
precipitated  crystals  were  filtered  out  and  washed  with  methanol  and  ether.  Thin  lamellae  with  a  m.p.  of  153-154” 
(with  decomposition).  The  subsunce  was  sparingly  soluble  in  cold  water  and  more  soluble  in  hot,  sparingly  soluble 
in  methanol  and  ethyl  alcohol,  and  insoluble  in  acetone,  benzene,  and  gasoline;  it  was  soluble  in  dilute  alkalies 
and  mineral  acids.  Its  ninhydrin  reaction  for  an  g -amino  acid  was  positive.  It  contained  no  mercapto  group,  nor 
was  it  titrated  by  iodine.  When  it  was  dissolved  in  a  5<^  sodium  hydroxide  solution,  a  nitroprusside  reaction 


indicated  the  presence  of  a  meicapto  group.  It  formed  no  precipitate  when  reacted  with  mercurous  chloride  in  an 
alcoholic  solution. 


11.466  mg  subs.;  3.88  ml  0.01  N  HJSO4.  Found  N  4.74.  Ci4Hi,04NS.  Calculated  N  4.74. 

0.6  g  of  the  substance  was  dissolved  by  heating  it  in  10  ml  of  a  2*551  solution  of  sodium  bicarbonate.  The  sol¬ 
ution  was  heated  to  70*  on  a  water  bath  for  1.5  hours.  Then  the  solution  was  chilled  to  0*  and  acidulated  with  ‘2!’}o 
hydrochloric  acid.  The  resultant  flocculent  precipitate  was  filtered  out,  washed  with  water,  dried,  and  recrystallized 
from  methanol.  Needles  with  a  m.p.  of  169-170*  (with  decomposition).  Their  mixed  melting  point  with  2-(a- 
phenyl-fl-carbethoxymethyl) -thiazolidine-4-carboxylic  acid  exhibited  no  depression. 

The  thiazolidine  compound  was  also  produced  by  treating  S“6-(a-phenyl-o-carbethoxy) -ethylene-^-cysteine 
with  aqueous  ammonia. 

S-  0-(a-Phenyl-g-carbethoxy)  -ethylene-N-acetylcysteine.  1  g  of  S-0-(  a-phenyl-a-carbethoxy)-ethylene- 
cysteine  was  gradually  added  to  3  ml  of  anhydrous  pyridine  that  contained  0.5  g  'of  acetic  anhydride.  The  substance 
dissolved  after  it  had  been  stirred  for  1  hour.  Then  the  solution  was  gradually  added  to  12  ml  of  20'55»  sulfuric  acid  at 
0*.  The  thick  yellow  oil  that  separated  out  was  extracted  with  ether.  The  ether  extract  was  washed  with  10  ml  of 
water  and  then  agitated  violently  for  5  minutes  with  10  ml  of  a  4<55»  sodium  bicarbonate  solution.  The  aqueous  solu¬ 
tion  was  separated  chilled  to  0*,  and  acidulated  with  3  ml  of  IQPjo  sulfuric  acid,  the  white  emulsion  that  resulted 
being  extracted  with  ether.  The  ether  solution  was  washed  with  water  and  dried  over  sodium  sulfate,  and  the  ether 
was  driven  off  in  vacuo.  This  left  a  pale-yellow  mass  with  a  m.p.  of  48-62*.  It  was  very  freely  soluble  in  methanol 
butyl  alcohol,  ether,  ethyl  acetate,  acetone,  and  chloroform,  sparingly  soluble  in  toluene,  and  insoluble  in  petroleum 
ether  and  dilute  sulfuric  acid. 

8.582  mg  subs.;  2.6  ml  0.01  N  HJSO4.  0.0505  g  subs.:  1,5  ml  0.1  N  NaOH  (in  methyl  alcohol). 

Found  <5fc;  N  4.24;  COOH  13.36.  CjgHiPsNS.  Calculated '55»;  N  4.15;  COOH  13.3. 

S-3-(  a-phenyl“a-catbomethoxy)-ethylenecysteine  hydrochloride.  We  used  methyl  formylphenylacetate 
instead  of  methyl  methoxymethylenephenylacetate  in  synthesizing  the  above  compound.  The  yield  was  lower, 
since  only  the  oxymethylene  form  reacts  with  cysteine  hydrochloride,  yielding  an  S -substitution  derivative  of  cysteine. 
2.5  g  of  cysteine  hydrochloride  was  stined  with  2.8  g  of  methyl  formylphenylacetate  and  10  ml  of  cone,  hydrochloric 
acid  for  6  hours  at  0*.  A  precipitate  began  to  settle  out  toward  the  end  of  the  reaction.  The  next  day  the  precipitate 
was  filtered  out,  washed  three  times  with  hydrochloric  acid,  dried  in  a  vacuum  desiccator,  dissolved  in  acetone,  and 
precipitated  with  ether.  The  substance  was  recrystallized  from  hydrochloric  acid,  dried,  and  washed  with  acetone 
and  ether.  M.p.  169-172*  (  with  decomposition).  Its  physical  and  chemical  properties  were  the  same  as  those  of  its 
carbethoxy  analog  mentioned  above.  The  yield  was  1.2  g. 

0.1869  g  subs.;  0.1318  g  BaS04.  Found  %  S  9.68.  CUH1JO4NSCI.  Calculated  <5fc;  S  10.07. 

S - 8-(a  - Phenyl-tt- carbomethoxy )- e thylenecysteine .  4.2  g  of  the  hydrochloride  was  dissolved  m  21  ml  of 
methanol,  and  2,1  g  of  pyridine  was  added.  The  next  day  the  crystalline  precipitate  was  filtered  out  and  washed 
with  methanol  and  ether.  The  yield  totaled  2.55  g  with  a  m.p.  of  151-153*  (with  decomposition).  Its  properties 
resembled  those  of  S-6-(a-phenyl-a-carbethoxy)-ethylenecysteine. 

7.393  mg  subs.;  0.332  ml  (20.5®,  743  mm).  Found  *55);  N  5.11.  CisHi504NS.  Calculated  ‘jb;  N  4.98, 

0.3  g  of  S-6-(a-phenyl-fl-carbomethoxy)-ethylene  cysteine  was  mixed  with  3  ml  of  anhydrous  pyridme  and 
0.15  g  of  triethylamine  and  set  aisde  to  stand  for  3  days,  the  precipitate  gradually  dissolving.  The  solution  was 
pouted  into  12  ml  of  a  25<55)  solution  of  sulfuric  acid,  the  resulting  white  precipitate  being  dissolved  in  20  ml  of 
ether.  The  ether  solution  was  discarded.  A  substance  with  a  m.p.  of  172-173*  (with  decomposition)  crystallized 
gradually  from  the  aqueous  solution.  Its  mixed  melting  point  with  2-(a-phenyl-a-carbomethoxyraethyl)-thiazoll- 
dine-4-carboxylic  acid  exhibited  no  depression. 

2-(a -Phenyl-a-carbomethoxymethyl)-N -acetylthia2olidine-4-carboxylic  acid.  2  g  of  2-(o-phenyl-a- 
carbomethoxymethyl)-thiazolidine'4-carboxylic  acid  was  mixed  with  5  g  of  absolute  anhydrous  pyridine,  and  1.5 
ml  of  acetic  anhydride  was  added.  The  next  day  the  reaction  mass  was  gradually  added  to  40  ml  of  10*55)  sulfuric 
acid  chilled  to  0*.  The  white  precipitate  was  filtered  out,  washed  with  water  dissolved  in  a  dilute  aqueous  solution 
of  ammonia,  and  treated  with  charcoal,  the  resultant  solution  being  poured  into  30  ml  of  10*55)  sulfuric  acid  at  0*. 

The  precipitate  was  filtered  out,  washed  with  water,  dried,  and  recrystallLzed  from  a  small  quantity  of  methanol. 

Thin,  elongated  needles  with  a  m.p.  of  222-223*  (with  decomposition). 

6.505  mg  subs.;  0.249  ml  (16®,  724  mm).  Found  *55);  N  4.34.  CjsHitOsNS.  Calculated  *^;  N  4.34. 
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2-(a  -Phenyl-c  -carboxymethyl)-N  -acetylthiazolidme-4-carboxylic  acid.  1.5  g  of  the  substance  was  dis¬ 
solved  in  10  ml  of  a  10*^  solution  of  sodium  hydroxide  and  set  aside  for  2  days  at  room  temperature.  The  solution 
was  chilled  to  0*  and  acidulated  with  10^  sulfuric  acid.  The  oil  that  separated  was  extracted  with  250  ml  of  ether. 
The  ether  solution  was  washed  with  a  small  quantity  of  water  and  dried  with  anhydrous  sodium  sulfate,  after  which 
the  ether  was  driven  off  to  a  total  volume  of  10  ml  The  resultant  white  crystalline  precipitate  weighed  0.6  g. 
Needles  with  a  m.p.  of  206-207*  (with  swelling).  Fieely  soluble  in  water  and  methanol,  less  so  in  ether. 

5.024  mg  0.207  ml  (18*.  748.5  mm).  Found'^fe  N4.76.  CjiHjgOgNS.  Calculated  N  4.53. 

SUMMARY 

1.  Condensmg  dl-cysteine  with  ethyl  formylphenylacetate  yielded  2-(a-phenylna-carbethoxymethyl)- 
thiazolidine-4-carboxylic  acid,  from  which  no  compound  conuining  a  thiazolidine-8 -lactam  rii^  system  could  be 
obtained. 

2.  Oxymethylenephenylacetic  acid  has  been  obtained  from  the  diethyl  acetal  of  ethyl  formulphenylacetate. 
Condensing  this  acid  with  ^-cysteine  yielded  2-benzylthiazolidine-4“carboxylic  acid. 

3.  When  dl-cysteine  was  reacted  with  oxymethylenephenylacetic  acid  in  concentrated  hydrochloric  acid, 
S-6-(a-phenyl-a-carboxy)-ethylenecysteme  was  produced. 

4.  Reacting  dl-cysteine  with  ethyl  methoxymethylenephenylacetate  in  concentrated  hydrochloric  acid  yield 
ed  S-&(a-phenyl-a-carbethoxy)-ethylenecysteine,  which  could  be  readily  converted  into  2-(a -phenyl -a -carbethoxy 
methyl)-  thiazolidine-4-carboxyllc  acid. 
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THE  NITRATION  OF  ac-1 -TETRA  HYDRON  APHTHOIC  ACID 
AND  THE  TRANSFORMATIONS  OF  NI T  RO -ac -1 -T  ET  R  A  H  Y  D  RO  N  A  P  H  T  HOIC  ACIDS 

S  .  I.  Sergie  vskay  a  and  N.P.  Volynsky 

Our  researches  on  the  carboxylic  and  thiocarboxylic  acids  of  tetrahydronaphthalene  [1]  up  to  now  have  dealt 
principally  with  compounds  having  substituents  in  the  aroma.tic  part  of  the  ring;  we  thought  it  would  be  interesting  to 
make  a  study  of  acids  that  had  functional  groups  in  both  parts  of  the  tetrahydronaphthalene  molecule  (both  the  hydro¬ 
genated  and  the  nonhydrogenated).  The  initial  substance  used  for  synthesizing  these  compounds  in  the  present  research 
was  ac-l-tetrahydronaF^ithoic  acid,  which  was  nitrated.  The  nitration  of  this  acid,  which  had  been  hot  been  previously 
investigated,  interested  us  not  only  as  a  means  of  securing  compounds  of  the  specified  type,  but  also  as  i»oviding  the 
opportunity  of  pursuing  our  study  of  the  group  orientation  phenomena  in  the  tetralin  ring. 

Nitration  of  ac-l-tetrahydronaphthoic  acid  with  nitric  acid  (sp.gr.  1.5)  produced  a  dinitro  acid,  the  yield  being 
907o,  while  when  the  sp.gr.  of  the  nitric  acid  used  was  1.4,  we  secured  a  mixture  of  mononitro  acids,  with  a  yield  of 
The  method  we  have  developed  was  employed  to  separate  this  mixture  into  two  mononitro  acids,  one  with  a  m.p.  of 
143*  and  the  other  with  a  m.p.  of  163*.  Renitration  of  each  of  these  mononitro  acids  produced  the  same  dinitro  acid, 
identical  with  the  dinitro  acid  secured  when  the  ^-1-tetrahydronaphthoic  acid  was  directly  nitrated  with  fuming  nitric  acid. 

We  determined  the  positions  at  which  the  nitro  groups  entered  by  employing  the  transformations  of  the  nitro 
acids  that  either  led  directly  to  substances  of  known  structure  or  established  a  genetic  relationship  between  the  latter 
and  the  initial  nitro  compounds.  One  of  these  transformations  is  the  following:  oxidizing  the  dinitro  tetrahydronaphthoic 
acid,  which  yielded  3,5-dinitrophthalic  acid,  evidence  of  the  meta  position  of  the  nitro  groups  to  each  other  in  the  initial 
dinitro-l-tetrahydronaphthoic  acid;  hence,  one  of  the  formulas  given  below  (I  and  II)  may  be  assigned  to  the  latter: 

The  nitro  groups  in  the  mononitro  acids  were  reduced  catalyt- 
ically,the  nitro  acid  with  a  m.p.  of  143*  yielding  amino-l-tetrahydro- 
naphthoic  acid  with  a  m.p.  of  200.5-201.5*,  and  the  nitro  acid  with  a 
m.p.  of  163*  yielding  an  amino  acid  with  a  m.p.  of  170-171*. 

Of  the  amino- ac-1- tetrahydronaphthoic  acids,  only  one  has 
been  described  in  the  literature  so  far— 8-amino-ac-l-tetrahydro- 
naphthoic  acid  [2].  The  physicochemical  properties  of  this  amino  acid  and  of  its  derivatives  were  not  the  same  as  the 
constants  of  the  amino  acids  we  had  synthesized  or  their  derivatives;  therefore,  the  nitro  and  amino  groups  could  not 
occupy  the  8  position  in  our  compounds,  which  determined  the  composition  of  the  dimtro  acid  first  of  all:  it  could  be 
nothing  but  5,7-diititro-(l,2,3,4)-tetrahydro-l-naphthoic  acid.  Since  this  same  dinitro  acid  was  produced  by  renitrating 
each  of  the  two  isomeric  mononitro  acids,  one  of  the  latter  had  to  be  5-nitro-(l,2,3,4)-tetrahydro-l-naphthoic  acid, 
and  the  other  7-nitro“(l,2,3,4)-l-tetrahydronaphthoic  acid,  though  we  did  not  know  which  was  which.  To  ascertain  the 
structure  of  the  mononitro  acids  we  synthesized  the  5-amino-l-naphthoic  acid  described  in  the  literature  [3]  and  re¬ 
duced  it  with  sodium  and  isoamyl  alcohol.  Since  in  this  method  of  reduction  the  amino  and  carboxyl  groups  at  the  a- 
positions  in  naphthalene  orient  the  hydrogen  to  the  part  of  the  ring  where  the  carboxyl  group  is  located,  we  might  ex¬ 
pect  5-amino-(l,2,3,4)“tetrahydro-l-naphthoic  acid,  identical  with  one  of  out  amino  acids,  to  be  formed.  As  a  matter 
of  fact,  the  reaction  resulted  in  formation  of  an  amino  acid  with  a  m.p.  of  200-201*,  which  was  identical  with  the  amino 
acid  we  had  synthesized  by  reducing  the  mononitro  acid  with  a  m.p.  of  143*;  it  followed  that  the  latter  and  its  respect¬ 
ive  amino  acid  were  5-nitro-(amino)-l,2,3,4-tetrahydro-l-naphthoic  acids. 

The  sum  total  of  all  these  findings  also  indicated  that  the  second  mononitro  acid,  with  a  m.p.  of  163*,  and  its 
corresponding  amino  acid  were  nothing  else  than  7-njtro-(amino)-tetrahydto-l-naphthoic  acids.  The  6-position  of  the  . 
amino  group  in  the  7-amino-l-tetrahydronaphthoic  acid  was  likewise  confirmed  by  the  fact  that  its  decarboxylation 
yielded  the  well-known ^-0-tetrahydronaphthylamine. 

In  addition  to  the  conversions  required  to  determine  the  structure  of  the  compounds  we  had  synthesized,  we 
also  canied  out  a  few  others:  the  5,7-dinitiO“l-tetrahydionaphthoic  acid  was  reduced  to  5,7-diamino-l-tetrahydto- 
naphthoic  acid,  decarboxylation  of  which  yieldmg  the  corresponding  dtamine;  and  we  synthesized  the  5(7)-nitto-l- 
tetrahydrothionaphthoic  acids  and  the  simplest  derivatives  of  all  the  mtro  and  amino  acids  referred  to  above. 
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EXPERIMENTAL 


5-Nitro-ac-tettahvdro-l-naphthoic  acid  and  7-^iitro-ac-tetrahydro-l-naphthoic  acid.  60  g  of  ac-tetra- 
hydro-1 -naphthoic  acid  was  added  in  one  batch  to  350  ml  of  HNOj  (sp.gr.  1.40).  The  mixture  was  heated  gently  to 
set  off  the  reaction.  The  temperature  within  the  reaction  mixture  was  maintained  at  40-41*.  The  ac -tetrahydro-l - 
naphthoic  acid  dissolved  gradually,  a  crystalline  precipitate  of  the  nitro  compounds  beginning  to  settle  out  after 
some  time.  1.5  hours  later  the  reaction  mixture  was  cooled  to  room  temperature. 

The  precipitate  was  suction-filtered  and  washed,  first  with  nitric  acid,  sp.gr.  1.40,  and  then  with  water.  This 
yielded  39  g  of  a  slightly  yellowish  crystalline  substance  with  a  m.p.  of  115-122*.  The  acid  mother  liquoi  was  highly 
diluted  with  water.  A  tarry  mass  settled  out,  which  solidified  after  some  time  had  elapsed.  The  resultant  yellow  sub¬ 
stance  was  filtered  out  and  recrystallized  from  toluene.  This  yielded  10  g  of  a  substance  with  a  m.p.  of  115-122*. 
Neutralization  of  the  diluted  nitnc  acid  solution  with  soda  yielded  another  3  g  of  a  substance  with  a  lower  melting 
point  When  60  g  of  ac-tetrahydro-l -naphthoic  acid  was  nitiated,  for  example,  we  secured  52  g  of  a  mixture  of  iso¬ 
meric  nitro  acids.  The  yield  was  69^  of  the  theoretical. 

The  mixture  of  nitro  acids  produced  by  nitration  dissolved  readily  in  a  IdPjo  soda  solution.  When  the  alkaline 
solutions  were  fractionally  acidulated  with  dilute  hydrochloric  acid,  the  fust  nitro  acid  to  settle  out  was  the  one  with 
the  higher  melting  point  —  7-nitro-(i.2,3,4)-i-tetrahydionaphthoic  acid.  Its  m.p.  was  163*  after  reciystallization 
from  toluene.  As  acidulation  was  contmued  5-nitro-(l  ,2,3,4)-l-tetrahvdronaphthoic  acid  settled  out,  its  melting 
point  being  143*  after  recrystallization  from  toluene ,  while  the  last  precipitate  was  a  mixture  of  the  same  isomers, 
with  a  m.p.  of  110-130*,  which  could  not  be  sepaiated  by  this  method. 

Separating  isomeric  nitroretrahydronaphthoic  acids  via  their  ethyl  esters.  52  g  of  a  mixture  of  isomeric  5- 
and  7-nitroTac-tetrahydro-l-naphthoic  acids,  with  a  m.p.  of  115  -122'’,  was  heated  for  8  hours  with  500  ml  of  absolute 
ethyl  alcohol  and  15  ml  of  concentrated  sulfuiic  acid.  When  the  reaction  was  over  the  bulk  of  the  alcohol  was 
driven  off,  a  small  quantity  of  water  was  added  to  the  .residue,  and  the  resultant  oil  was  extracted  with  ether.  The 
ether  solution  was  washed  with  a  soda  solution  and  then  with  water.  The  aqueous  alkaline  solution  waa  acidified. 

This  yielded  1  g  of  a  mixture  of  nitro  acids  that  had  not  entered  into  the  esterification  reaction.  The  ether  solution 
was  dried  over  anhydrous  Na^SO^,  after  which  the  ether  was  driven  off  as  completely  as  possible.  A  small  quantity 
of  petroleum  ether  was  added  to  the  residue  and  the  mixture  was  chilled  with  ice.  The  resulting  precipitate  was 
filtered  out.  This  yielded  16  g  of  a  slightly  yellowish  crystalline  substance  with  a  m.p.  of  77-78"  constituting  the 
ethyl  ester  of  7 -mtro-ac-tetrahydro-l-iiaphthoic  acid.  The  ethyl  ester  with  a  m.p.  of  77-78“  was  saponified  by  heating 
It  with  acetic  acid  and  a  small  amount  of  hydrochloric  acid.  Upon  cooling,  7-nitro*ac-tetrahydro-l-naphthoic 
acid  crystallized  out;  its  m.p.  was  163*  after  recrystallization  from  toluene. 

7-Nitro^c-  tetrahydro-l -nai^thoic  acid  consisted  of  nearly  colorless  crystals,  which  were  freely  soluble  in 
alcohol  and  hot  toluene,  and  slightly  soluble  in  cold  toluene  and  carbon  tetrachloride. 

6.629  mg  subs.;  0.366  ml  (20.5“,  733.0  mm).  6.648  mg  subs.;  0.372  ml  Nj  (23.0*,  740.0  mm). 

3.877  mg  subs.;  8.522  mg  CO,;  1.771  mg  H,0.  Found  C  59.94;  H  5.11;  N  6.19,  6.28.  CuHu04N. 

Calculated  C  59.74;  H  4.97;  N  6.34. 

The  petroleum  ether  mother  liquM,  which  contained  the  ethyl  ester  of  5 -nitro-ac-tetrahydro-l -naphthoic  acid 
with  a  trace  of  the  ethyl  ester  of  the  7-nitro  acid,  was  evaporated  until  the  solvent  had  been  driven  off.  The  liquid 
residue  was  saponified  by  heating  it  with  dilute  acetic  acid  (40<^)  containing  a  small  percentage  of  hydrochloric 
acid.  The  customary  treatment  yielded  a  mixture  of  nitro  acids  with  a  m.p.  of  120  T33“.  The  mixture  of  nitro 
acids  was  dissolved  in  a  10^  soda  solutfon,  and  dilute  hydrochlcsic  acid  was  gradually  added  to  the  resultant  solu¬ 
tion.  At  first  5 -nitro-ac-tetrahydro-l -naphthoic  acid  settled  out,  its  m.p.  being  143"  after  recrysullization  from 
toluene.  The  amount  of  the  S-nitro  acid  secured  was  about  half  the  mixture  initially  used.  As  acidification  con¬ 
tinued,  a  mixture  of  nitro  acids  with  a  m.p.  of  123-133*  settled  out.  This  mixture  was  te-esterified,  the  entire  process 
of  precipitating  and  separating  the  isomeric  esters  and  acids  described  above  bemg  repeated. 

Double  esterification  and  saponification  of  52  g  of  the  mixture  yielded  14  g  of  7-niC:o  -ac-tetrahydroTHnaph- 
thoic  acid  and  17  g  of  5‘nitro-ac-tetrahydro-l-naphthoic  acid.  5-Nitro-ac-tetrahydro-l -naphthoic  acid  consisted  of 
crystals  with  a  greenisis  tinge,  m.p.l43*,  freely  soluble  in  acetone,  ether,  alcohol,  and  hot  toluene,  and  sparingly 
soluble  in  cold  toluene. 

8.380  mg  subs.;  0.477  ml  (25.5°,  732.0  mm).  3.071  mg  subs.;  6.747  mg  CO^r»  1.369  mg  l%tO.  Found 

<?b;  C  59.92;  H  4.99-  N  6.27.  CiiHuO^N.  Calculated  <5S>;  C  59  74;  H  4.97;  N  6,34. 

^  Separating  the  nitro  acids  by  this  method  led  us  to  assume  that  their  acidities  differed;  furtner  research  (see  the 
following  experiment)  and  potentiometric  titration,  however,  indicated  that  their  acidities  were  identical.  The 
sequence  in  which  the  isomers  were  precipitated  from  aqueous  alkaline  solutions  depended,  apparently,  upon 
quantitative  relauonships. 
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Ethyl  ester  of  5-nitro-ac-tetrahydro-l -naphthoic  acid.  4.5  g  of  5-nitroiac-tetrahydro-l -naphthoic  acid  was 
heated  to  boiling  for  8  hours  with  40  ml  of  absolute  ethyl  alcohol  and  3  drops  of  cone. sulfuric  acid.  When  the  reac¬ 
tion  was  over,  the  alcohol  was  driven  off.  and  the  residue  extracted  with  ether.  The  ether  solution  was  washed  with 
a  soda  solution  and  with  water  and  then  dried  with  anhydrous  sodium  sulfate.  The  ether  was  driven  off,  and  the  res¬ 
idue  (4  g)  distilled  in  vacuo. 

The  ethyl  ester  of  5-nitro-ac-tetrahydro  -1-naphthoic  acid,  was  a  greenish  oil,  with  a  b.p.  of  171*  at  1,5-2 
mmj  d\*  1.2140,  n^  1.5428. 

5.223  mg  subs.;  0.275  ml  (30.0®,  724.0  mm).  Found  N  5.64,  CJ3HJ5O4N.  Calculated  N  5.62. 

5 -Nitro-ac-tetrahydto-l-naphthoyl  chloride.  3.0  g  of  5-nitro-ac-tetrahydro-l-naphthoic  acid,  with  a  m.p.  of 
143*,  was  heated  to  boiling  with  9  ml  of  thionyl  chloride  for  3  hours.  When  the  reaction  was  over,  the  excess  thionyl 
chloride  was  driven  off.  The  last  traces  of  the  thionyl  chloride  were  eliminated  by  adding  some  absolute  benzene, 
which  was  then  likewise  driven  off  m  vacuo.  A  small  quantity  of  petroleum  ether  was  added  to  the  residual  mass, 
and  the  mixture  was  strongly  chilled  with  ice  and  salt.  Vigorous  rubbing  with  a  glass  rod  threw  down  a  crystalline 
precipitate,  which  was  filtered  out  and  recrystallized  from  ligroin. 

5-Nitro-ac-tetrahydro-l-naphthoyl  chloride  consisted  of  colorless  needles  with  a  m.p.  of  53-64*,  which  were 
readily  soluble  in  benzene  and  acetone,  though  only  slightly  soluble  in  ligroin  and  petroleum  ether. 

0.1457  g  subs.;  0.0864  g  AgCl.  Found ‘jfc;  Cl  14.67.  CuHi^jNCl.  Calculated ‘jfc;  Cl  14.82. 

Diethylaminoethyl  ester  of  5-nitro-gc-tetrahydro-l-naphthoic  acid  (hydrochloride).  1.17  g  of  diethylamino- 
ethanol  was  added  to  a  solution  of  3  g  of  5-nitro-^-tetrahydro-l-naphthoyl  chloride  in  50  ml  of  absolute  benzene, 
and  the  mixture  was  heated  to  boiling  for  3  hours.  The  hydrochloride  that  settled  out  upon  cooling  was  dissolved  in 
2-3  ml  of  absolute  ethyl  alcohol,  and  absolute  ether  was  added  to  the  alcoholic  solution  until  precipitation  was  com¬ 
plete.  This  yielded  3.4  g  with  a  m.p.  of  120-122*.  Rei^ecipitation  from  alcohol  by  ether  yielded  the  hydrochloride 
of  the  diethylaminoethyl  ester  of  5-nitro-^-tettahydto-l-naphthoic  acid  as  a  colorless,  nonhygroscopic  substance  with 
a  m.p.  of  125-127*,  which  was  readily  soluble  in  water  and  alcohol,  and  sparingly  so  in  benzene  and  chloroform. 

8.115  mg  subs.;  0.547  ml  (21.5*.  740.0  mm).  7.140  mg  subsj  0.490  ml  Nj  (21.5*,  738.0  mm).  Found  <5fc: 

7.62,  7.73.  Ci,H*^4Nj-HC1.  Calculated  ojoi  N  7.85. 

Ethyl  ester  of  7-nitro-ac-tetrahydro-l -naphthoic  acid.  1  g  of  7-nitro-ac-tetrahydro-l-^iaphthoic  acid  was 
heated  to  boiling  for  8  hours  with  10  ml  of  absolute  ethyl  alcohol  and  3  drops  of  cone,  sulfuric  acid.  The  usual  proc¬ 
essing  yielded  the  ethyl  ester  of  7-nitro-ac-tetrahydro-l -naphthoic  acid  as  colorless,  silky,  elongated  needles  with  a 
m.p,  of  77-78*.  Readily  soluble  in  ether,  alcohol,  and  chloroform,  soluble  when  heated  in  petroleum  ether,  and 
rather  slightly  soluble  in  petroleum  ether  in  the  cold. 

8.211  mg  subs.;  0.418  ml  14  (29.5*.  730.5  mm).  Found  N  5.52.  C13H15O4N.  Calculated N  5.62. 

7-Nitro-iac-tetrahydro-l-naphthoyl  chloride.  3.0  g  of  7 -mtro -ac -tetr ahydro -1  -naphthoic  acid  was  heated  to 
boiling  for  3  hours  wi  th  9  ml  of  thionyl  chloride.  The  subsequent  processing  was  like  that  described  for  the  5^utro 
isomer. 

When  recrystallized  from  ligroin,  the  7-mtto-ac-tetrahydro-l-naphthoyl  chloride  consisted  of  colorless  need¬ 
les  with  a  m.p.  of  97-98*,  which  were  freely  soluble  in  benzene  and,  when  heated,  in  ligroin,  and  sparingly  soluble 
in  cold  ligroin  and  in  petroleum  ether. 

0.1287  g  subs.;  0.0759  g  AgCl.  0.1582  g  subs.;  0.0937  g  AgCl.  Found  ‘jfc;  Cl  14.57,  14.65. 

CuHjPjNCI.  Calculated  <5t;  Cl  14.82. 

Diethylaminoethyl  ester  of  7-nitro-ac-tetrahydro-l -naphthoic  acid  (hydrochloride) .  The  reaction  conditions 
were  the  same  as  those  employed  in  the  synthesis  of  the  alkamino  ester  of  5-iiitro-^-tetrahydro-l -naphthoic  acid. 

3.0  g  of  7-nitro-ac-tetrahydro-l-naphthoyl  chloride  and  1.17  g  of  diethylaminoethanol  yielded  3.4  g  of  the 
hydrochloride  of  the  diethylaminoethyl  ester  of  7-intro-^-tetrahydro-l-naphthoic  acid;  a  colorless,  crystalline  sub¬ 
stance  with  a  m.p.  of  134-136*.  freely  soluble  in  water  and  alcohol,  sparingly  soluble  in  benzene  and  chloroform, 
and  insoluble  in  ether. 

7.730  mg  subs.;  0.549  ml  (21.5*,  740.0  mm).  6.270  mg  subs.;  0.447  ml  (22.5*,  738.0  mm). 

Found  <5b;  N  8.01,  7.89.  CnH8404h^*HCl.  Calculated  <5b;  N  7.85. 
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5-Amino-ac-tetrahydro-l -naphthoic  acid  and  its  de:  ivatives.  a)  2,21  g  anr.s  of  5  nito^-tetrahydio-l-naph- 
thoic  acid  was  dissolved  in  100  ml  of  methanol,  5  g  of  Raney's  nickel  catalyst  was  added  to  the  solution,  and  the 
mixture  was  agitated  in  a  hydrogen  atmosphere  until  the  _eq.,*isite  amoarn  of  hydrogen  (670  ml)  had  been  absorbed. 
Reduction  was  carried  out  either  at  room  temperatuie  o.  writh  gentle  heating  to  25®.  After  the  hydrogen  had  been 
absorbed,  the  catalyst  was  filtered  out,  and  tfie  alcohol  was  (Liven  off  in  vac^to  T^.e  amino  acid  was  rectystallized 
from  alcohol.  This  yielded  1.55  g  of  a  substance  w^.th  a  m.p.  of  200.5“20i.5°  (with  decompos’tlon). 

5-Amino-ac<etrahydro“l  -naphthoic  acid  was  a  colorless  substance  that  was  slightly  soluble  in  methanol  and 
ethyl  alcohol,  even  less  soluble  m  acetone  and  chlorofoiir  and  wholly  insoluble  in  ether, 

8.437  mg  substance;  0.546  ml  (25,0®,  742.0  rr.rr).  Fotnd  N  7.24.  Calculated  N  7.33. 

5-Aceumino-ac-tetrahydro-l -naphthoic  acid  was  Synthesized  by  heating  5-amino  ^-tetrahydro-l-naphthoic 
acid  with  aceac  anhydride  in  ethyl  acetate  for  3  hotcs.  After  the  reaction  was  over,  the  precipitated  acetyl  deriva¬ 
tive  was  filtered  out  and  recrystallized  from  aqueous  alco.hoi.. 

5-Acetarmno-^-tetrahydro-i-napftthoic  acid  was  a  colo.iess  crystalline  substance  with  an  m.p.  of  232-232.5* 
(with  decomposition),  which  was  insoltJile  in  ethyl  acetate  and  soluble  ua  mehhanoJ  and  ethyl  alcohol. 

7.947  mg  substance;  0.422  ml  (22.0  '  736.0  nrir..)  Foi  nd  N  5,95  Calculated N  6.01. 

b)  The  5-Amino-l-naphiho’c  acid  was  dissolve(3  in  250  ml  of  ho!  absolute  tsoamyl  alcohol,  and  15  ml 
of  metallic  sodium  was  added  to  ibe  hot  solution  (boiling  of  me  isoamyl  alcohol  bemg  continued  throughout  the 
reaction).  After  all  the  stxlium  had  dissolved,  the  I'Oamyl  a  coho'  wa^  dritien  off  wi^h  s’eam. 

The  remaimng  aqueous  alkaline  solution  wa'  neutralrzed  with  acid  (using  Irrous  pape^)  and  then  filtered. 

The  filtrate  was  evaporated  in  vacuum  and  cooled,  a  cryitaUrne  mass  of  sodium  acetate  being  thrown  down.  The 
minimum  quantity  of  water  was  added  to  dls'olve  the  latter.  The  Insoluble  brown  precipitate  was  filte.'.ed  out. 

This  yielded  2,3  g  of  a  substance  with  an  m.p.  of  ISO- 190 '. 

Double  recrys’iallization  from  alcohol  raf  fed  the  iT..p  of  t*^.e  subsrance  *0  200  201®  (with  decomposttlon); 
it  proved  to  be  5aminoac-tec.ahydiO"l  naphthoic  acd.  its  m:t;ed  melvrng  pot  nr  wr.th  the  5  arntno^^-tetrahydro- 
1-nai^thoic  acid  we  had  synthesized  by  another  method  was  200,5-201.5®  (with  decomposhton). 

8.793  mg  substance;  0.574  ml  (24.0°,  743.0  mm).  8.578  mg  substance-  0.549  ml  Nj  (24.0®,  743.0  mm). 

Found  <?b;  N  7.33,  7.19.  CnHjgOiN.  Calculated N  7.33. 

0,2  g  of  the  5  amino-^-tetrahydro  I- naphthoic  ac  id  prepared  In  this  expe.'iment  was  heated  to  80°  for  3  hours 
with  0.5  ml  of  acetic  anhydride  and  1  ml  of  ethyl  acetate.  The  precipirated  acetyl  derivative  was  filtered  out  and 
washed  with  ethyl  acetate,  m.p.  227-229°.  Recry stallization  from  aqueous  alcohol  raised  the  m.p.  of  the  substance 
to  230-231*  (with  decomposition).  Its  mixed  melting  point  with  the  5-acetamino  ^  -tettahydro-l -naphthoic  acid  we 
had  synthesized  earlier  was  232'  (with  decomposition). 

6.570  mg  substance:  0.363  ml  (21.5°,  734.5  m.m).  3.607  m.g  substance;  8.858  mg  COjr  2.052  mg 

HO.  Found  <5t;  C  66.97;  H  6.36;  N  6.19.  Calculated  C  66..96;  H  6.44-  N  6.01. 

Ethyl  ester  of  5-amiiio-ac-<etrahy'Iro -1-naphthoic  acid,  1.3  g  of  5-amino^-tet;.ahydio  4  -naphthoic  acid  was 

heated  to  boiling  for  6  hours  with  30  ml  of  absolute  ethyl  alcohol  and  0.6  mi  of  concenttared  sulfuric  acid.  The 
alcohol  was  driven  off,  and  the  residue  was  treated  with  10^  soda  solution  and  then  extj  acted  with  ether.  The  ether 
extract  was  washed  with  soda  and  then  with  water  and  diied  over  anhydroas  sodium  sulfate.  Driving  off  the  ether 
left  behind  1  g  of  a  yeUowisb  mass,  which  was  distilled  la  vacuo. 

The  ethyl  ester  of  5^mino-^  -(etrahydro“l-naphthoic  acid  was  a  highly  viscous  oil,  colorless  and  odorless, 
with  a  b.p.  of  160®  3  mm*  1.5604. 

6.845  mg  Substance;  0.380  ml  H  (22.0®,  747.0  mm).  17.50  mg  substance;  0.954  mi.  1%  (19.0°  745.0  mm). 

Found  N  6.31.  6.25.  Css%OjN.  Calculated  N  6.39. 

)  Ekstiand  [3]  .nad  p:ev:ously  syntiiesized  5-amino-i-naphtfiO,ic  acid  b>  reducing  5 -niti.o  u -^aphihoic  ac  <d  with 
FeS04  in  ammonia.  We  also  syntr-esized  5-am:.nO"i-napt  uFoic  acid  from  5 -ni’jro-l  nap.t.troic  acid,  but  by  a  cata¬ 
lytic  method.  We  jxa  6.5  g  of  5  nico  1  napntlio  c  acid,  300  ml  of  ethyl  a.ic  ohol,  and  20  g  of  Ni  catalyst 
(Raney's)  in  the  reaction.  Hydrogenation  was  performed  at  30-40®.  Absorption  of  the  requisite  qiuanttty  of 
hydrogen  and  the  customary  processing  yielded  a  yeilowisr  subs  ance  with  an  m.p.  of  app.  OArir  ately  200",  which 
was  Impure  5-amino  4  naphthoic  acid.  The  substance  was  not  furthei  reflafcl. 
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Diethylaminoethyl  ester  of  5-amino-ac-tetrahydro-l -naphthoic  acid  (hydrochloride).  6  grams  of  Raney's 
nickel  catalyst  was  added  to  a  solution  of  1,4  g  of  the  hydrochloride  of  the  diethylaminoethyl  ester  of  5-nliio- 
ac-tetrahydro-1 -naphthoic  acid  in  20  ml  of  absolute  ethyl  alcohol,  and  the  mixture  was  agitated  in  a  hydrogen 
atmosphere.  When  the  reaction  was  over,  the  catalyst  was  filtered  out,  and  the  alcohol  was  driven  off  in  vacuum. 
3-4  ml  of  absolute  alcohol  and  80  ml  of  absolute  ether  were  added  to  the  residue. 

Rubbing  with  a  glass  rod  yielded  0.75  g  of  a  colorless  crystalline  substance  with  an  m.p.  of  131-132*.  The 
hydrochloride  of  the  diethylaminoethyl  ester  of  S-amino-ac-tetrahydro-l^ap^thoic  acid  was  nonhygroscopic,  sol¬ 
uble  in  water,  alcohol,  acetone,  and  chloroform,  and  insoluble  in  toluene,  ethyl  acetate,  and  CCI4. 

7.685  mg  substance:  0.569  ml  Nj  (21.5®,  737.0  mm).  6.040  mg  substance:  0.454  ml  (21.0*, 

745.0  mm).  Found  N  8.32,  8.56.  CnHjgOjN, •  HCl.  Calculated  ‘jt:  N  8.58. 

7-Amino-ac-tetrahydro-l -naphthoic  acid.  6.63  grams  of  7-iiitro-ac-tetrahydro-l-naphthoic  acid  was  dissolved 
in  150  ml  of  methanol,  and  the  solution  was  agitated  in  a  hydrogen  atmosphere  together  with  5  g  of  Raney's  nickel 
catalyst.  The  reaction  was  carried  out  at  20-25*.  After  the  requisite  quantity  of  hydrogen  (2000  ml)  had  been  ab¬ 
sorbed,  the  catalyst  was  filtered  out,  and  the  methanol  was  driven  off  in  vacuo,  the  residue  being  5.7  g  of  a  color¬ 
less  crystalline  subsunce  with  an  m.p.  of  169-170*.  Recrystallization  from  alcohol  raised  the  m.p.  of  the  7-amino- 
ac-tetrahydro-1 -naphthoic  acid  to  170-171*;  it  was  slightly  soluble  in  methanol,  ethyl  alcohol,  and  acetone,  and 
insoluble  in  ether. 

6.105  mg  substance:  0.386  ml  Nj  (21.5®,  738,5  mm).  Found  N  7.12.  CjjHijOjN.  Calculated  N  7.33. 

7-Acetamino-ac-tetrahydro-l -naphthoic  acid.  0,5  gram  of  7-amino-«c-tetrahydro-l-naphthoic  acid  was 
heated  to  80*  for  3  hours  with  0.8  ml  of  acetic  anhydride.  1  ml  of  glacial  acetic  acid  was  added,  and  when  the 
mixture  had  cooled,  the  precipitated  acetyl  derivative  was  filtered  out, 

7-Acetamino-ac-tetrahydro'l-naphthoic  acid  had  an  m.p.  of  186-187*  after  repeated  recrystallization 
from  aqueous  alcohol;  it  was  a  colorless  substance  that  was  soluble  in  alcohol  and  insoluble  in  ethyl  acetate. 

4.978  mg  substance;  0.268  ml  Nj  (19.0*,  729,0  mm).  Found ‘jfc:  N  6.04.  C13H16OSN.  Calculated*^:  N  6.01. 

Ethyl  ester  of  7--amino-ac-tetrahydro-l-naphthoic  acid.  3,0  g  of  7Tamino-^ac<etrahydro-l-naphthoic  acid  was 
heated  to  boiling  for  7  hours  with  40  ml  of  absolute  ethyl  alcohol  and  an  adequate  quantity  of  concentrated  H2SQ4 
(until  its  reaction  was  acid  with  Congo  red). 

Processing  that  was  identical  with  that  described  above  for  the  5-amino  acid  yielded  the  ethyl  ester  of  7- 
amino-ae^etrahydro-l -naphthoic  acid  as  a  wholly  colorless  and  odorless,  highly  viscous  oil  with  a  b.p.  of  159.5- 
160*  at "2.5  mm;  n^'  1.5580. 

12.285  mg  substance:  0.687  ml  Nj  (18.0®,  740.5  mm).  9.225  mg  substance:  0.539  ml  Nj  (18.0®, 

740.5  mm).  Found  N  6.39,  6.67.  CjjHiPjN.  Calculated  <5t:  N  6,39. 

Decarboxylation  of  7-amlno-ac-tettahydro-l -naphthoic  acid.  5  grams  of  7-amino-^-tetrahydro-l-naphthoic 
acid  was  thoroughly  triturated  with  10  g  of  Ba(OH)j  and  a  small  amount  of  methanol.  The  mixture  was  dried,  pul¬ 
verized,  and  destructively  distilled  from  a  Wurtz  flask  at  20-30  mm  pressure.  The  distillate  was  extracted  with 
ether,  and  the  ether  solution  was  washed  with  a  potassium  hydroxide  solution  and  dried  with  potassium  hydroxide. 
The  ether  was  driven  off,  and  the  residue  (2  g)  distilled  at  ordinary  pressure,  b.p.  270-275®;  the  substance  quickly 
crystallized  after  distillation,  m.p.  40-45®. 

Repeated  recrystallization  from  petroleum  ether  yielded  a  m^ute  quantity  of  a  substance  with  an  m.p.  of 
104-106®  that  was  slightly  soluble  in  petroleum  ether  and  a  more  highly  soluble  substance  with  an  m.p.  of  38-39*. 
The  melting  point  of  the  substance  with  an  m.p,  of  38-39*  indicated  that  it  was  ar-tetrahydro-2-naphthylamine  [4] 
—colorless  needles  that  crystallized  from  petroleum  ether  only  after  deep  chilling. 

6.900  mg  substance:  0.596  ml  (22.0®,  736.0  mm).  Found N  9.68.  Ci#Hi8N.  Calculated  N  9.52. 

The  acetyl  derivative  was  prepared  by  reacting  an  ether  solution  of  ar-tetrahydro-2-naphthylamine  with 
acetyl  chloride  in  the  presence  of  sodium  carbonate.  Needles  with  an  m.p.  of  105.5-106.5®  [5]. 

8.101  mg  substance:  0.522  ml  Nj  (23.0®,  736.0  mm).  Found  N  7.20.  CyH^sON.  Calculated  *)!»;  N  7.40. 

The  substance  with  an  m.p.  of  104-106®  referred  to  above  was  not  refined  further  owing  to  the  minute 
quantity  available;  it  apparently  was  somewhat  impure  2- naphthylamine.  Its  mixed  melting  point  with  pure 
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2-naphthylamine  (m.p,  110“)  was>  106-108°. 

Diethylaminoethyl  ester  of  7  aminaac  ret.ar:.>d:o  1  ac.,d  (fiyd:;oc.^j.o:-.-d^  The  hyd:,ochio..ide  of 

the  diethylaminoethyl  ester  of  7'iiitro  iac“teT._’ahyciro  i  iiapf  '!:rioic  acrd  %a«  ::educed  iinde:'  ^;he  same  conditions  as 
those  used  in  reducing  ttie  hydrochloride  of  me  aikamlno  es'e:-:  of  5  'a.-.  .:,o  ac-'  et.ahydio  1-naphtftoic  acid.  2.6  grams 
of  the  aikamlno  ester  of  the  7-nitEO  acid  yielded  1.5  g  o;  the  a;karp  no  e^e:  of.  the  7  dm? no  acid. 

The  hydrochloride  of  the  diethylaminoethyl  esie  of  7  dm  mo  ^  letiahyd :.t)  1  naphtho^^^  ac.id  consisted  of 
beautiful,  minute  needles  with  an  m.p.  of  113  -116°  (nrlth  siight  deconjpos?tf.on).  The  substance  was  nonhygroscopic, 
freely  soluble  in  water,  alcohol,  acetone,  and  chioiofornr:.,  and  insoluble  i.n  ethyl  ace  dte,  ether,  and  G  CI4. 

6.205  mg  substance;  0.460  ml  %  (20,5",  738.0  Trar.^.  5,925  mg  subs  ance;  0.44i  ml  (24.5°, 

740.0  mm).  Found  <5l):  N  8.38,  8.31.  “  BCi,  Calc^/ia  ed  N  8.58. 

5 , 7-Dinitro-ac‘tetrahydro  -l  napt  thoic  acid,  a)  13  g  anss  of  the.  ac  ‘cetrahydro-T  mdphthoic  acid  was  gradually 
added  to  75  ml  of  HNOj  (sp.  gr.  1.5)  the  temper  stixe  being  kept  ar  17  20°.  The  reaction  m.i  tcture  was  allowed  to 
stand  at  room  tempeiature  for  40  nunutes  and  th-er.  poxec  oye;  ir  e.  Tie  wti.te  p:  ec:  p'late  was  filtered  out  the 
next  day.  This  yielded  18  g  of  a  sihstance  w:&  an  m.p.  of  i58  160°.  The  yiei'.d  of  the  *mp'X,e  dfjncco  acid  was  92% 
of  the  theoretical.  Recryscaliizaf  on  frorr.  oT..-.ene  yie=xi'=‘0,  .5  g  oa  a  SiiDs  ance  wr.rh  an  m.p.  of  162  164°. 

The  5 , 7 -di nitro-ac'teu.atiy drO'  1  naph xo:  c  ac:>i  f..aa  an  mr  p.  of  i67.5-168.5°  afte'  haying  been  purrified  by  con¬ 
version  into  an  estei  and  saponjiicatfon  of  Jhe  a’  le..  C  rys  ;a..s  w.rt.  a  g  eenisf.  tinge,  sorab'e  in  acetone,  ethe:.,,  and 
acetic  acid,  sparingly  soluble  m  cold  toluene  and  rx  r  h’oro.om  ., 

6.105  mg  substance;  0.579  ml  (18.0°  732.5  mirr).  3.132  mg  Sabs^ance-  5.709  mg  COj.  1.062  mg 

H|0.  4.240  mg  substance;  7.715  mg  CO,  '  1.446  mg  EgO.  Found  %;  G  49.71,  49.62-  H  3.79,  3.82; 

N  10.73.  CuHuOgN*.  Calcuiated%;  C  49.62-  E  3.77-  N  10.52. 

b)  0.5  giam  of  5-mtro-iac  'teitahydrO  ‘i- naphthoic  ac-A  was  placed  10  m.l  of  'ENOg.  sp.  gr.  1.50.  The 
temperature  was  kept  at  +20“.  Nitratxin  lasted  15  nrinii res  aft&  which  trie  reaction  m.i:*t'jcre  was  pojt  ed  oyer 
ice  (about  50  mg  of  -.ce).  The  next  day  tise  •J:m„;.'0  ac.'d  pre  :  p  .  a  e  war  fr.rered  ou;,  m.p.  164465.5°.  Several 
recrystallizauons  from  toluene  yielded  5,7"<iiattra^-  ■tetrahydro  a- naphthoic  ac:.d  with,  an  m.p.  of  167467.5°, 

Its  mixed  melting  pomt  with  the  5,7'd?n;,tO‘^  te?iahvdro‘-i  nape  thoic  acM  oescrrJbed  above  (see  the  preceding 
experiment)  was  167-168“. 

6.185  mg  substance;  0.578  mi  Ng  (20.0°,  714,5  man).  Foai)iiQ%r  N  iO.25.  C^fEj^fOQhlg.  Calculated  %;  10.52. 

c)  1.1  grams  of  7‘'nitro-ac  “tetrahydro  4  aia];^.i‘±toic  acid  was  plac  ed  in  iO  ml  of  sp.  gr.  1.50.  The 

reaction  lasted  15  minutes  at  room  rempetatice.  The  customary  pioc  esiimg  yie.lded  1.2  g  of  a  subsunce  with  an 
m.p.  of  165-167“.  After  recrystallization  from  toluene  raised  the  m.p.  of  the  substance  to  167467.5“-  it  was  5,7- 
d ini tro-ac-tetrahydro-l -naphthoic  acid.  Its  mixed  meit  ng  po;'jr  wJz.  tht-'  5,74l?Jiico-^  tet  ahydro-l  naitfitholc 
acid  described  above  was  167-167.5". 

7.260  mg  substance;  0.658  ml  (20.0°,  737.0  mm),  Found  %;  N  10.24,  Cj^iHvriOQf^.  Calculated  %;  N  10.52. 

Oxidation  of  5,7-dinitio-ac-te&ahydro“l‘naphtho:c  acid.  0.7  g  am  of  5,7“dinlLro‘^  tetrahydro  1-naphthoic 
acid  was  heated  to  145450*  with  16  noi  of  40%  HNOg  in  a  seared  tube  fo’;  8  hours.  When  rhe  reaction  was  over, 
the  acid  solution  was  evaporated  to  dryness  on  a  wate;:  bach..  The  residue  was  a  g-  ay.t.sh  substance  that  was  freely 
soluble  in  water  and  had  an  m.p.  of  approximately  210°  (with.  decom.posi)lon).  The  yie^id  was  0.6  g.  Several 
recrystallizations  from  an  ether^ligroin  mixture  rafjsed  the  m.p.  of  the  subsiance  to  223-224°  (with  decomposition). 

The  melting  point  and  analysis  of  the  synthesized  subsja.itce  indreated.  that  ft  was  the  3,5‘diJii'ophihalic  acid 
described  in  the  literature  [6]. 

5.09  mg  substance;  0.477  ml  (22. 5“,  750.0  mm.).  5.205  mg  substance;  0.488  mf  Ng  (22.5“  750.0  mm). 

Found  %;  N  10.70,  10.70.  CaBj^gN*.  Caicuiated  %;  N  10.94. 

The  monoethyi  ester  of  3,5  dinitiophthaiic  acid  was  pr’epa;:ed  as  specified  by  Berlstein  and  Kurbatov  [6]. 

0.25  gram  of  the  3,5-dimtrophthaiic  acid  we  had  prepared  by  oxidialng  d;ji;.cotet:.ahyct,onaphthoic  acid  was 
heated  with  a  small  amount  of  absolute  ethyl  alcohol  that  contained  aanydro  is  hyd  ogen  chlo  rde.  Heat  ing 
lasted  5  houis,  after  witich  the  axonol  was  dsiven  off  m  vacuo.  Water  was  added  to  the  residue,  and  the  pre 
cipitate  was  filtered  out,yielding  0.2  g  of  the  monoethy:.  ester  of  3,5-dirirtr’ophthalic  acid,  with  an  m.p.  of 
184.5“.  Recrystallization  horn  a  chloroform -petroieum  ether  mixture  raised  the  melting  point  to  185  486°. 
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Ethyl  ester  of  5,7-dinltro-ac-tetrahydro--l-iiaphthoic  acid.  22  grams  of  5,7-dinitro-ac-tetrahydro-l-naphtholc 
acid  was  heated  to  boiling  for  8  hours  with  250  ml  of  absolute  ethyl  alcohol  and  5  ml  of  concentrated  sulfuric 
acid.  After  the  reaction  most  of  the  alcohol  was  driven  off,  about  50  ml  of  water  was  added  to  the  residue,  and 
the  ethyl  ester  of  the  dinitro  acid  that  separated  out  was  extracted  with  ether.  The  ether  solution  was  washed 
with  a  IQPjo  soda  solution  and  then  with  water.  It  was  dried  over  anhydrous  sodium  sulfate,  after  which  the  ether 
was  driven  off,  and  the  residue  recrystallized  twice  from  absolute  ethyl  alcohol.  This  yielded  18  g  of  a  color¬ 
less  substance  with  an  m.p.  of  43.5-44.5*,  which  was  readily  soluble  in  ether,  benzene,  and  hot  alcohol  and 
sparingly  soluble  in  cold  alcohol  and  in  petroleum  ether. 

7.800  mg  substance:  0.680  ml  Nj  (21.5*,  738.0  mm).  Found  ”10:  N  9.85.  Calculated  <5^:  N  9.52. 

5 . 7- Dinitro-ac-tetrahydro-l-naphthoyl  chloride.  6  grams  of  5, 7-dinlro-^-tetrahydro-l -naphthoic  acid  was 
heated  for  2  hours  with  10  ml  of  thionyl  chloride.  The  excess  thionyl  chloride  was  driven  off  in  vacuo,  and  some 
petroleum  ether  was  added  to  the  residue.  After  the  solution  had  cooled,  rubbing  threw  down  a  white  precipitate. 

The  precipitate  was  filtered  out  and  washed  with  petroleum  ether.  This  yielded  6  g  of  a  substance  with  an  m.p. 
of  88-90*. 

The  5,7-dinitro-nc-tetrahydro-l-naphthoyl  chloride  has  an  m.p.  of  89.5-90.5*  after  recrystaEization  from  a 
benzene-petroleum  ether  mixture.  Rather  freely  soluble  in  benzene,  sparingly  in  ether  and  petroleum  ether. 

0.1588  g  substance:  0.0831  g  AgCl.  Found  ”lo:  Cl  12.94.  CuH^N^l.  Calculated  ”lo:  Cl  12.48. 

5 , 743iamino"ac-tetrahydro-l -naphthoic  acid.  5,7-Dlnitro-ac -tetrahydro-l-naphthoic  acid  was  dissolved  in 
450  ml  of  methanol.  10  grams  of  Raney’s  nickel  catalyst  was  added  to  the  solution,  and  the  mixture  was  agitated 
in  a  hydrogen  atmosphere;  after  the  requisite  quantity  of  hydrogen  (3860  ml)  had  been  added,  the  catalyst  was 
filtered  out,  and  the  methanol  driven  off  in  vacuo;  hydrogen  or  some  other  inert  gas  has  to  be  passed  through  a 
capillary  while  the  methanol  is  being  driven  off  in  vacuo.  This  yielded  4.7  g  of  a  brown  substance  with  an 
m.p.  of  172*  (with  decomposition).  The  yield  was  81<55i  of  the  theoretical. 

After  recrystallization  from  absolute  ethyl  alcohol  the  5,7-diamino-^-tetrahydro-l-naphthoic  acid  had  an 
m.p.  of  177*  (wtih  decomposition).  Light -yellow  crystals,  somewhat  soluble  when  heated  in  methanol  or  ethyl 
alcohol,  sparii^ly  soluble  in  the  alcohols  or  in  ethyl  acetate  at  room  temperature.  The  alcoholic  solutions  were 
oxidized  extremely  readily  by  atmospheric  oxygen. 

5.470  mg  substance:  0.660  ml  (20.5*,  733.0  mm).  5.570  mg  substance:  0.676  ml  (19.5*  732.0  mm). 

Found  ”jo:  N  13.55,  13.64.  CiiHi402N2.  Calculated  ”jo:  N  13.59. 

5 . 7- Diacetamino-ac-tetrahydro-l -naphthoic  acid.  0.5  gram  of  5, 7-diamino-ac -tetrahydro-l-naphthoic 
acid  was  heated  to  70-80*  for  3  hours  with  1  ml  of  acetic  anhydride.  The  reaction  mass  was  treated  with  water, 
throwing  down  a  colorless  precipitate  of  the  acetyl  derivative.  This  yielded  0.5  g  of  a  substance  with  an  m.p, 
of  207-210*. 

After  recrystallization  from  aqueous  alcohol  the  5, 7-diacetamino-^ -tetrahydro-l-naphthoic  acid  consisted 
of  colorless  needles  with  an  m.p.  of  211.5-212.5“  that  were  readily  soluble  in  alcohol. 

6.400  mg  substance:  0.550  ml  N2  (20.5*,  733.0  mm).  6.900  mg  substance:  0.590  ml  (19.5*,  732.0  mm). 

Found  <55.:  N  9.65,  9.51.  Ci5Hi^4N2.  Calculated  N  9.65. 

Decarboxylation  of  5, 7-diamino-ac-tetrahydro-l -naphthoic  acid.  A  mixture  of  2.0  g  of  5,7-diamino-ac- 
tetrahydro-l^iaphthoic  acid  and  4.5  g  of  Ba  (OH)2  was  distilled  destructively  in  vacuo  (5-15  mm  pressure).  This 
yielded  about  1  g  of  a  substance  that  was  dissolved  in  ether,  the  ether  solution  being  washed  with  an  alkali  solu¬ 
tion  and  dried  over  anhydrous  sodium  sulfate.  The  ether  was  driven  off,  and  the  residue  (m.p.  73-75*)  recrystal¬ 
lized  twice  from  absolute  ether, which  raised  the  substance’s  melting  point  to  79.5-80*.  This  is  the  melting  point 
of  ar-l,3-tetrahydronaphthalenediamine  [7]. 

4.04  mg  substance:  0.606  ml  N2  (21.5*,  752.0  mm).  Found  “Jt:  N  17.20.  CjgHj^Ni.  Calculated  <?b:  N  17.28. 

5 -Nitro-ac-tetrahydro-l-thionaphthoic  acid.  A  solution  of  4.3  grams  of  KOH  in  40  ml  of  absolute  alcohol 
was  saturated  with  hydrogen  sulfide  at  -6*.  A  solution  of  7.4  g  of  5^tto-ac-tetrahydro-l^aphthoylchloride  in 
30-35  ml  of  absolute  benzene  was  gradually  added,  during  the  course  of  15  minutes,  to  the  resulting  solution  of 
KSH.  The  reaction  was  carried  out  with  vigorous  stirring  at  -6  to  -2*.  Fifteen  minutes  later  the  precipitated  KCl 
was  filtered  out,  the  solvent  driven  off  in  vacuo,  and  the  residue  triturated  with  absolute  ether.  The  precipiuted 
potassium  salt  of  the  thio  acid  was  filtered  out  and  dried  in  vacuo,  yielding  7  g  of  the  substance.  0.5  g  of  the 
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potassium  salt  of  the  thio  acid  was  dissolved  in  5  ml  of  wates,  and  the  solution  was  filtered  and  acidified  with  dilute 
hydrochloric  acid.  The  oil  that  sepa:'ated  out  crystallized  rapidly  into  a  solid,  nearly  colorless  substance  with  an 
m.p.  of  69*. 

After  recrysuUization  from  alcohol  the  S-nitiO^-tetiahydro-l-thionaphthoic  acid  was  a  yellowish  crystal¬ 
line  substance  with  an  m.p.  of  69.5-70.5",  which  was  readily  soluble  in  ether  and  hot  alcohol,  and  sparingly 
soluble  in  cold  alcohol  and  water. 

0.1330  g  substance;  0.1310  g  BaSQa.  0.1225  g  subsiancer  0.1195  g  BaS04.  Found  S  13.52,  13.39. 

Ci|HuO|NS.  Calculated  %%  S  13.50. 

Ethyl  ester  of  5  ■nit.’o  ac  'tet:.ahyd~o-  l  tMonaphdioic  acid.  5.5  grams  of  the  potassium  salt  of  5-nitro-;^- 
tetrahydro-lHhionaidithoic  acid  was  dissolved  in  10  ml  of  absolute  ethyl  alcohol,  about  5  ml  of  ethyl  iodide  was 
added  to  the  solution,  and  the  mixture  was  heated  for  an  hour  on  a  water  bath  at  60-70*.  After  all  the  KI  had  been 
precipitated,  the  solution  was  treated  with  water  and  extracted  with  ether.  The  ether  extract  was  dried  over  an¬ 
hydrous  sodium  sulfate,  after  which  the  ether  was  cL-iven  off  and  the  residue  distilled  in  vacuo. 

This  yielded  4  g  of  the  ethyl  ester  of  5-iutro-ac“teiiahydi‘o-l-thio naphthoic  acid  —  a  yellowish  oil  with  a 
b.p.  of  175-176"  at  1-1.5  mm,  which  crys  .aLlized  in  the  cold. 

0.2455  g  substance;  0.222i  g  BaSQg.  Found  S  i2.42,  C^gHisOsNS.  Calculated  S  12.07. 

7-Nitro-ac-tetrahydro-l  thionaphthoic  acid.  This  was  synthesized  like  the  5-nitro-ac-tetrahydro-l-thionaph- 
thoic  acid.  A  solution  of  8  g  of  the  acid  chloride  of  the  7“nitro  acid  m  absolute  benzene  was  added  to  an  alcoholic 
solution  of  poussium  hydrosulfide  (produced  by  saturating  4.3  g  of  potassium  hydroxide  with  hydrogen  sulfide). 
Appropriate  processing  yielded  7  g  of  the  potassium  salt  of  the  7-nitro  thio  acid. 

The  7-nitro-^  tetrahydro-  l-thionaphthoic  acid  crystallized  excellently  from  alcohol  as  a  yellowish 
crystalline  subsunce  with  an  m.p.  of  74.5-75,5",  which  was  soluble  in  ether,  benzene,  hot  alcohol  and  CCI4,  • 
and  somewhat  soluble  in  cold  alcohol. 

0.1749  g  substance;  0.1701  g  baSO^.  0.1716  g  substance;  0.1665  g  BaSO^,  Found  <5b;  S  13.35,  13.32. 

C|iHjiO|NS.  Calculated  S  13.50. 

Ethyl  ester  of  7-nitro-ac-tetrahydro-l-thlonaphthoic  acid.  This  was  synthesized,  like  the  5-nitro  isomer,  by 
reacting  an  alcoholic  solution  of  the  potassium  salt  of  the  7-iiitro  thio  acid  with  ethyl  iodide.  The  ethyl  ester  of 
7-nitro-iac-tetrahydro-l-thionaphthoic  acid  was  a  light -yellow  oil  with  a  b.p.  of  184"  at  2-2.5  mm.  It  could  be 
crystallized  in  the  cold. 

0.1791  g  subsunce;  0.1560  g  BaSO^.  Found  <)();  S  11.96.  C^HjbOiNS.  Calculated  S  12.07. 

Diethylaminoethyl  ester  of  7-^iitro-ac-tetrahydro-l-thionaphthoic  acid  (hydrochloride).  3.2  grams  of  the 
poussium  salt  of  7-nitro-ac-tetrahydro-l-thionaidithoic  acid  was  dissolved  in  40  ml  of  absolute  ethyl  alcohol, 

1.71  g  of  the  hydrochloride  of  diethylamino-ethyl  chloride  was  added  to  the  solution,  and  the  mixture  was  heated 
to  60-70"  for  4  hours.  The  precipitated  potassium  chltxide  was  filtered  out,  and  the  alcohol  was  then  driven  off 
in  vacuo.  The  residue  was  treated  with  a  10^  soda  solution,  and  the  base  of  the  alkamino  ester  was  extracted 
vfith  ether.  The  eilier  solution  was  dried  over  anhydrous  sodium  sulfate,  and  a  solution  of  hydrogen  chloride  in 
absolute  ether  was  added,  throwing  down  the  hydrochloride  of  the  alkamino  ester.  This  yielded  3.3  g  of  a  sub¬ 
sunce  with  an  m.p.  of  144-147". 

Repcecipitation  from  alcohol  by  ether  yielded  the  hydrochloride  of  the  diethylaminoethyl  ester  of  7- 
nitro-^-tetrahydro-l-thionaphthoic  acid  as  a  coloress.  nonhygroscopic  substance  with  an  m.p.  of  147.5-149", 
soluble  in  water  and  alcohol,  and  insoluble  in  ether. 

0.1060  g  substance;  0.0653  gBaSO^.  5.710  mg  substance;  0.400  ml  Nj  (19.5",  724.0  mm).  Found  <5^; 

S  8,46;  N  7.80.  Ci-yl^^pjNjS  •  HCl.  Calculated ‘jb;  S  8.59;  N  7.51. 

SUMMARY 

1.  Nitrating  ac-l-tetrahydronaphthoic  acid  with  nitric  acid,  sp.  gr.  1.5,  yields  5,7“<ilnitro-(l,2,3,4- 
tetrahydro)-l-nai^ thoic  acid,  while  nitration  with  nitric  acid,  sp.gr.  1.4,  yields  a  mixture  of  two  mononitro  acids; 

5- and  7-nitro-(l,2, 3,4-tetrahydro)-l-naphthoic  acid;  a  method  Is  set  forth  for  separating  these  mononitro  acids. 

2.  The  structure  ot  the  synthesized  nitio  acids  is  established  by  converting  them  into  compounds  of  known 
structure. 
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3.  Catalytic  reduction  is  employed  to  secure  the  respective  diamino  and  aminorac-l-tetrahydronaiAithoic 
acids  from  the  dinitro  and  mononitrotetrahydronaphthoic  acids. 

4.  The  simplest  derivatives  of  all  the  nitro  (amino) -ac-l-tetrahydro naphthoic  acids  have  been  synthesized. 

5.  5  (7)“Nitro*^-l-tetrahydrothionaphthoic  acids  and  some  of  their  derivatives  have  been  synthesized. 

LITERATURE  CITED 

[1]  S.  I.  Sergievskaya  and  V.  V  Nesvadba,  J.  Gen.  Chem.  6,  663  (1936);  S.  I.  Sergievskaya  and 

K.  P.  Preobrazhenskaya,  J.  Gen.  Chem.  13.  722  (1943);  S.  L  Sergievskaya  and  E.  F.  Nikhamkina,  J.  Gen.  Chem. 
15,  940  ,  988  (1945);  S.  I.  Sergievskaya  and  S.  M.  Mamiofe,  J  Gen.  Chem.  18,  874,  878  (1948);  J.  Gen.  Chem. 
19,118  (1949).* 

[2]  G.  Schioeter  and  Roessler.Ber.,  35,  4Q18  (1902). 

[3]  A.  Ekstrand.J.  prak.  Chem.,  38,  244  (1888). 

[4]  E.  Bamberger  and  Kitschelt,  Ber.,  23,  882  (1890);  G.  Schroeter,  Ann.,  426,  58  (1922). 

[5]  V.  V.  Sharvin,  Ber  .  35.  2511  (1902). 

[6]  F.  Beilstein  and  A.  Kurbatov.  Ann.,  202,  226  (1880);  G.  Schroeter,  .  Ann.,  426,  46 

(1922). 

[7]  Friedl.  13,  321,  German  Patent  333157. 

Received  November  4,  1950.  The  S.  Ordzhonikidze  All-Union  Research 

Institute  of  Pharmaceutical  Chemistry, 
Moscow. 

*  See  Consultants  Bureau  translation,  p.  109. 


1093 


THE  ALKALOIDS  OF  THALICTRUM  MINUS  L. 


II.  THE  STRUCTURE  OF  THALICMIDINE  AND  THALICMINE 

S.  Yunusov  and  N.  N.  Progressov 


We  have  already  reported  [1]  that  in  our  investigation  of  the  above-ground  parts  of  Thallctrum  minus  L.  we 
succeeded  in  isolating  two  alkallds  (tha  Imine  and  thalmidine),  while  the  roots  of  this  plant  yielded  three  bases 
(thalicmine,  thalicmidine,  and  Base  No.  5).  Thus  we  have  secured  five  new  alkaloids  in  crystalline  form  from  the 
whole  of  the  plant  Thallctrum  minus  L.  Some  of  the  physicochemical  properties  were  given  for  four  of  the  alkaloids, 
together  with  their  incomplete  structural  formulas.  These  findings  led  us  to  postulate  that  these  alkaloids  are  deri* 
vatives  of  tetrahydroisoquinoline. 

In  the  course  of  further  research  on  thalicmidine  we  were  able  to  confirm  this  hypothesis  experimentally 
and  to  establish  conclusively  that  aporphine  is  the  parent  substance  of  this  alkaloid.  Now,  this  base  contains  two 
less  hydrogen  atoms  than  was  reported  earlier  [1],  i.e.,  thalicmidine  is  €*51^8^04.  What  we  still  had  to  deter¬ 
mine  was  the  function  of  the  fourth  oxygen  atom.  We  found  that  this  oxygen  atom  possesses  weak  phenolic  properties, 
inasmuch  as  thalicmidine  dissolves  in  dilute  alkalies  and  is  extracted  from  alkaline  solution  completely  by  ether; 
diazomethane  does  not  methylate  it  even  when  used  in  considerable  excess.  Hence,  the  formula  of  thalicmidine 
may  be  depicted  as  CnHie(NCH8)(OHXOCH8)8.  Reaction  with  acetic  anhydride  yields  an  optically  inactive  sub¬ 
stance  that  has  no  basic  properties,  which  we  oxidized  with  nitric  acid  (sp.  gr.  1.34).  This  reaction  yielded  mello- 
phanic  acid,  as  was  confirmed  by  securing  the  crystalline  tetramethyl  ester  of  that  acid.  All  the  foregoing  reac¬ 
tions  lead  to  the  conclusion  that  the  basic  skeleton  of  thalicmidine  is  aporphine. 

The  one  thing  that  was  left  to  establish  the  structure  ^f  thalicmidine  was  fixing  the  position  of  the  sub¬ 
stituent  groups.  As  we  know,  all  tetrasubstituted  aporphine  alkaloids  known  up  to  the  present  are  derivatives  of 
two  types  of  tetrahydroxyaporphine  (I  and  II). 


OH 


One  of  the  present  authors  has  discovered  some  general  properties  of  alkaloids  of  the  aporphine  group  that 
facilitate  determination  of  the  position  of  the  substiment  groups. 

1.  No  mellophanic  acid  is  produced  when  the  product  of  the  action  of  acetic  anhydride  upon  alkaloids 
that  have  no  substitutents  in  the  A  and  B  benzene  rings  is  oxidized  with  strong  nitric  acid.  Instead,  benzenedi- 
or  tricarboxylic  acid  is  produced,  depending  upon  the  positions  of  the  substitutents  in  one  of  these  rings. 
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2.  Alkaloids  that  are  aporphine  derivatives  possessing  substituent  groups  at  the  2, 3, 5, 6  and  3,5,6  positions 
have  a  specific  routory  power  (40-100*)  that  is  much  smaller  than  that  of  bases  having  substituents  at  the  3, 4,5, 6 
and  4,5,6  position  (200-300*). 

3.  This  group  is  almost  always  located  at  the  5  and  6  positions  in  all  aporphine  alkaloids  that  contain  a 
methylenedioxy  group. 

4.  Hydroxyl  groups  at  the  5  and  6  positions  are  weakly  phenolic. 

Inasmuch  as  the  [aljj— 84.05*,  the  hydroxyl  group  is  weakly  phenolic,  and  oxidation  yields  mellophanic 
acid,  the  foregoing  mles  indicate  that  thalicmidine  must  have  the  structure  (III)  [3]: 


The  fact  that  we  secured  metahemipinlc  acid  (IV)  by  oxidizing  thalicmidine  with  potassiiun  permanganate 
is  partial  confirmation  of  this  structure.  It  follows  that  the  two  methoxy  groups  occupy  the  2  and  3  positions. 

We  secured  further  experimental  evidence  m  support  of  the  correctness  of  the  formula  (III)  by  carrying  out 
a  Hofoiann  decomposition  of  the  methyl  ester  of  thalicmidine.  After  finding  that  we  could  not  methylate  the 
hydroxyl  group  of  thalicmidine  with  diazomethane,  we  secured  the  methiodide  of  the  methyl  ester  of  thalicmidine 
(V)  by  reacting  the  latter  with  methyl  iodide  in  a  dilute  alkaline  medium.  M.p.  221-222*.  Heating  the  meth- 
iodie  (V)  with  an  alcoholic  (methyl)  alkali  iwoduced  a  high  yield  of  the  crystalline,  optically  inactive  des-N- 
mcthyl-O-mediylthalicmidine  (VI)  with  an  m.p.  of  72-73.5*.  Its  hydrochloride  had  an  m.p.  of  255-257*. 

The  des-base  (VI)  yields  an  easily  and  excellently  crystallizing  methiodide  (m.p.  280*),  which  breaks 
down  into  trimethylamine  and  the  crystalline  tetramethoxyvinylphenanthrene  (VII)  (m.p.  143*)  when  heated  with 
an  alcoholic  alkali; 


When  the  non-nitrogenous  substance  (VII)  was  oxidized  with  potassium  permanganate  in  acetone  solution, 
we  obtained  the  conesponding  crystalline  monocarboxylic  acid  (Vni),  with  an  m.p.  of  218".  It  follows  that  the 
only  possible  structure  for  the  methyl  ester  of  thalicmidine  is  (DC): 
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The  properties  and  formula  of  methylthalicmidine  (DC)  established  by  us  agree  almost  completely  with  the 
properties  of  glauclne  (IX)  [4],  O-dimethylboldine  (IX)  [5],  and  their  derivative  and  decomposition  products  (see  the 
table): 

TABLE 


Name  of  substance 

O^vlethylthalic- 

midine 

Glaucine 

0-Dimethyl- 

boldine 

Methiodidide 

221-222* 

222* 

221* 

Methiodide  of  the  des-bas 

276-280 

278-280 

276-280 

Tetramethoxyvinylphenanthrene 

143 

142 

143 

Tetramethoxyphenanthrenecarboxylic  acid 

218 

214 

For  want  of  glaucine  or  boldine,  we  were  unable  to  identify  them  conclusively  immediately.  But  all  the 
facts  cited  above  prove  that  O-methylthallcmidine  (DC)  is  identical  with  glaucine  and  0-<iimethylboldine.  On  the 
basis  of  certain  jdiylogenetic  considerations  set  forth  by  one  of  the  present  authors  in  his  article  entitled  "  The 
dynamics  of  the  accumulation,  the  role,  and  the  formation  of  alkaloids  in  plants"  [6],  we  assumed  that  Thalictrum 
minus L.  must  contain  O-methylthalicmidine,  i.e.,  glaucine,  depending  upon  its  period  of  growth  and  habitat.  As  a 
matter  of  fact,  glaucine  has  been  Isolated  from  the  nonphenolic  portion  of  the  alkaloids  obtained  from  the  roots 
of  Thalictrum  minus  L.  gathered  (on  May  23-28,  1949)  in  the  suge  of  unripe  fmit  (in  Kuyan-sae,  Kulsu  landmark, 
Zaaminsk  District,  Usbek  S.S.R.).  We  have  thus  been  able  to  confirm  the  formula  for  O-methylthalicmidine  (DC) 
conclusively  by  making  direct  determinations  of  the  mixed  melting  points  of  their  methiodides  and  des-products. 

It  should  be  noted  that  the  Hofmann  decomposition  of  thalicmidine  and  of  its  methyl  ester  normally  takes 
place  along  only  one  of  the  theoretically  possible  lines,  yielding  the  crystalline,  optically  inactive  des^'l-methyl- 
thalicmidine  (m.p.  252-253*).  The  hydroxyl  group  retained  in  the  last  substance  is  likewise  weakly  phenolic. 

Before  commencing  further  research  into  the  structure  of  thalicmine,  we  checked  whether  that  alkaloid 
belonged  to  the  N-methylbenzyltetrahydroisoquinoline  series.  We  found  [1]  that  reacting  thalicmine  with  acetyl 
chloride  yielded  an  optically  inactive  crystalline  substance  that  had  no  basic  properties  (Xm).  Funher,  by  oxi¬ 
dizing  this  substance  with  strong  nitric  acid  we  obtained  the  teuacarboxyllc  acid  (XIV),  whose  mixed  melting 
point  with  mellophanic  acid,  as  well  as  that  of  their  tetramethyl  esters,  exhibited  no  depression.  Moreover,  by  . 
distilling  the  synthesized  optically  inactive  monoacetylthalicmine  with  zinc  dust,  we  isolated  an  adequate  per¬ 
centage  of  phenanthrene  (XV)  from  the  reaction  products.  These  reactions  clearly  show  that  thalicmine  does  not 
belong  to  the  benzyltetrahydroisoquinoline  series,  but  rather  to  a  related  one,  the  aporphine  series.  Hence  the 
amount  of  hydrogen  it  contains,  which  is  hard  to  determine  from  the  analytical  data,  becomes  clear;  the  compo¬ 
sition  of  thalicmine  is  CfjHnNC%. 

Thalicmine  is  a  tertiary  base  that  contains  an  NCI^  group.  Three  oxygen  atoms  are  contained  in  methoxy 
groups,  the  two  others  being  in  a  methylenedioxy  group;  Cj5H^NCH3XOCHs)3(CI^P|).  Thalicmine  is  decomposed 
readily  and  smoothly  in  a  Hofmann  reaction.  Repeating  the  decomposition  twice  by  reacting  the  methiodide  with 
a  30  <)(>  KOH  solution  in  methanol  yields  trimethylamine  and  a  nonnitrogenous  substance. 
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Des-N-methylthalicmlne  (XI)  C^{I%N05  i£  optically  inactive  ai^have  an  m.p.  of  15(H.51*.  The  m.p.  of 
its  sulfate  is  127*128*,  of  its  methiodide  236-237*.  No  matter  how  often  we  repeated  the  Hofmann  decomposition 
we  always  obtained  the  optically  inactive  des-N-methylthalicmine  almost  exclusively.  It  follows  that  the  decom¬ 
position  proceeds  along  one  of  the  theoretically  conceivable  lines. 

The  non-nitrogenous  subsunce,  (XII),  had  an  m.p.  of  18S-186*.  All  the  cited  reactions  with  thallc- 

mine  prove  convincingly  that  It  belongs  to  the  series  of  aporphine  aUcaloids. 

Thus,  thalicmine  is  the  first  instance  in  which  alkaloids  of  the  aporphine  groty)  have  been  found  in  the 
plants  of  the  Ranunculaceae  family  we  have  studied,  as  well  as  the  first  pentahydroxy  substituted  aporphine  ever 
discovered.  The  patterns  set  fordi  above  for  the  position  of  the  substituent  groups  in  alkaloids  of  the  aporphine 
series  and  the  analogy  with  the  alkaloids  of  the  narcotine  type  lead  us  to  assume  that  thalicmine  is  3,4,7-ctl- 
methoxy-b,6-methy]enedioxyaporphine  (X)  [S].  The  decomposition  of  thalicmine  we  carried  out  may  be  summar¬ 
ized  as  follows; 


EXPERIMENTAL 

Mellophanic  acid  from  thalicmidine,  1.2  grams  of  thallcmidlne  was  dissolved  in  7  ml  of  acetic  anhydride 
and  boiled  for  one  hour.  After  all  the  anhydride  and  acetic  acid  had  been  evaporated  in  a  dish  on  a  water  bath, 
what  was  left  was  a  noncrystalline  mass  that  exhibited  no  basicity  or  optical  activity.  The  residue  was  evaporated 
5  tiroes  widi  8  ml  portions  of  nitric  acid  (sp.  gr.  1.34)  on  a  water  bath.  The  resultant  yellow  amorphous  residue 
was  recrystallized  from  strong  nitric  acid.  The  crystalline  acid,  with  an  m.p.  of  233-236*.  exhibited  no  depres¬ 
sion  of  the  melting  point  when  mixed  with  the  mellophamc  acid  secured  firom  thebenine.  Nor  did  the  mixed 
melting  point  (134*)  of  the  tetramediyl  ^ters  of  these  acids,  prepared  by  methylating  them  with  diazomethane, 
exhibit  any  depression. 

Oxidation  of  thalicmidiqe.  1.3  grams  of  the  base,  with  an  m.p.  of  192-193*,  was  dissolved  in  15  ml  of  2^ 
hydrochloric  acid.  Then  die  solution  was  neutralized  and  stirred  mechanically  while  a  3^  solutimi  of  KMnO^^ 
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(9.9  g  in  300  ml  of  water)  was  added.  The  whole  of  the  permanganate  solution  (24  atoms  of  oxygen)  was  added  in 
the  space  of  two  hours.  Then  the  solution  was  heated  to  40*  for  one  hour.  The  unreacted  permanganate  was  de¬ 
colorized  by  adding  pulverized  Na^SOj.  The  solution  was  filtered,  the  manganese  dioxide  being  transfened  to  a 
flask,  boiled  with  water,  and  re-suction-filtered.  The  filtrates  (500  ml)  were  combined.  The  solution  was  extracted 
with  ether  after  it  had  been  acidified  with  strong  hydrochloric  acid.  After  it  had  been  dried  and  the  ether  driven 
off,  the  mass  crystallized  as  minute  yellow-orange  needles.  The  yield  was  0.8  g.  Dissolving  in  alcohol  and  adding 
freshly  distilled  aniline  instantaneously  yielded  the  anilide  with  an  m.p.  of  168-169*.  The  m.p.  was  raised  to  170- 
171*  (with  decomposition)  by  recrystallization  from  absolute  alcohol.  Its  mixed  melting  point  with  metahemipin- 
anilide,  prepared  from  salsolidine,  exhibited  no  depression,  all  three  samples  fusing  simultaneously  at  170-171* 

(with  decomposition). 

Methiodide  of  O^nethylthalicmidine.  20  ml  of  methanol  was  poured  over  2  g  of  thalicmidine  ground  to  a 
powder,  and  0.4  g  of  powdered  KOH  was  added.  The  whole  dissolved,  the  solution  turning  dark.  1  ml  of  methyl 
iodide  was  added  to  the  flask  contents,  and  the  mixture  was  refluxed  one  hour.  After  the  contents  had  cooled, 
another  1  ml  of  methyl  iodide  was  added,  the  mixture  was  again  refluxed  for  2  hours  and  left  to  stand  for  14  hours. 
Crystals  settled  out  of  the  methanol  partially.  The  solution  was  neutralized  with  litmus  paper.  The  solvent  was 
evaporated  to  a  volume  of  10  ml,  which  increased  the  quantity  of  crysuls,  the  whole  mass  crysullizing  when  a  rod 
was  used  fen:  rubbing.  The  crystals  were  suction-filtered  and  washed  with  methanol.  Recrystallization  from  water 
yielded  minute  acicular  crystals  with  an  m.p.  of  221-222*.  The  yield  was  2.2  g. 

Des-O -methyl -N^ethylthalicmidine.  2.2  grams  of  the  methioidlde  of  O-mediylthalicmidine  was  ground 
to  a  powder  and  transferred  to  a  flask  that  contained  25  ml  of  30^  KOH  (7.5  g)  in  methyl  alcohol.  After  the  mix¬ 
ture  had  been  boiled  for  3  hours,  the  methanol  was  driven  off,  and  evaporation  was  continued  in  a  dish.  The  add¬ 
ing  of  water  caused  a  yellow  resinous  mass  of  the  des-base  to  float  to  the  surfacet  it  was  separated  and  washed  with 
water.  The  des-base,  purified  via  its  hydrochloride,  consisted  of  lustrous  silvery  crystals  with  an  m.p.  of  255-257*. 

l. 4  grams  of  the  hydrochloride  of  the  des-base  was  dissolved  in  100  ml  of  water  and  decomposed  with  20^  ammonia. 
This  yielded  the  des-base  as  crystalline  floes  (when  less  water  was  used,  an  oily  mass  settled  out,  which  solidified 
upon  standing).  The  m.p.  was  72-73.5*  after  suction-filtering,  washing  with  water,  and  drying,  while  the  oily 
portion  yielded  a  product  with  an  m.p.  of  69-71*.  The  m.p.  was  72-73.5*  after  recrystallization  from  petroleum 
ether  (b.p.  60-80*). 

0.0224  g  substance:  13.3  ml  0.1  N  Na^StO}.  0.0230  g  substance;  14.4  ml  0.1  N  Na^SjOj. 

Found  <70;  OCH,  31.31,33.01.  Cal%N04.  Calculated  <55);  OCH,  33.33. 

Methiodide  of  des-O-methyl-N^nethylthalicmidine.  0.6  gram  of  des-O^ethyl-N-thalicmidine,  wifii  an 

m. p.  of  72-73.5*,  was  dissolved  in  20  ml  of  acetone,  and  1  ml  of  methyl  iodide  was  added  to  the  solution.  The 
crystals  of  the  methiodide  settled  out  at  once.  After  standing  for  an  hour  they  were  suction-filtered  and  washed 
with  acetone.  This  yielded  0.7  g  of  snow-white  methiodide  with  an  m.p.  of  271-274*,  slightly  soluble  in  water. 

The  m.p.  was  raised  to  276-280*  (with  decomposition)  by  recrystallization  from  alcohol. 

2.3.5.6- Tettamethoxy-8-vinylphenanthtene.  0.7  gram  of  the  methiodide  of  des-O-methyl-N-methylthalic- 
midine  was  ground  to  a  powder  and  added  to  a  solution  of  12.5  ml  of  ZQPjo  KOH  (3.75  g)  in  methanol.  The  mix¬ 
ture  was  boiled,  trimethylamine  being  given  off  and  a  nonnitrogenous  substance  being  formed.  The  methanol  was 
evaporated,  water  was  added  to  the  residue,  and  the  product  was  extracted  with  ether.  The  ether  solution  was 
washed  with  10%  sulfuric  acid  and  with  water.  Drying  and  driving  off  the  ether  yielded  crystals  of  the  non¬ 
nitrogenous  substance  with  an  m.p.  of  138-140*.  The  m.p.  was  raised  to  143*  by  recrystallization  from  alcohol. 

0.4  g  yield. 

0.0236  g  substance:  18.1  ml  0.1  N  Na^SjOs.  0.0232  g  substance:  16.4  ml  0.1  N  NajSiOj. 

Found  %;  CXIH,  40.67,  37.28.  CjoH,o04.  Calculated  %;  OCH,  38.27. 

2.3.5. 6- Tetramethoxyphenanthtene-8-carboxylic  acid.  0.2  gram  of  2,3,5,6-tetramethoxy-8-vinylphenan- 
threne  was  dissolved  in  50  ml  of  acetone  and  then  oxidized  with  a  solution  of  KMn04  (0.25  g)  in  50  ml  of  ace- 
tpne.  The  permanganate  was  added  in  small  portions  during  the  course  of  2  hours,  with  constant  stirring,  to 

'the  reaction  mass,  which  was  kept  at  25*.  After  all  the  permanganate  had  been  decolorized,  the  manganese 
dioxide  was  filtered  out  and  washed,  first  with  acetone  and  then  with  hot  water.  After  the  acetone  had  been 
evaporated  the  mass  crystallized  in  part.  The  aqueous  solution  was  evaporated  on  a  bath.  The  mass  recovered 
after  the  acetone  and  the  water  had  been  driven  off  was  acidified  with  10%  hydrochloric  acid  and  extracted 
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with  etbei.  The  ether  solution  was  washed  first  with  20  ml  of  NaOH  and  then  with  water,  after  which  the  solu¬ 
tion  was  dried  and  the  ether  was  driven  off.  The  residue  was  a  small  quantity  of  resinous  substance.  The  alkaline 
solution  and  the  wash  waters  were  acidified  with  IC/Jb  hydrochlcwic  acid  and  extracted  with  ether.  Drying,  followed 
by  driving  off  the  ether,  yielded  the  acid  as  small  crystalline  needles  with  an  m.p.  of  208*.  The  m.p.  was  218“ 
after  recrystallization  from  alcohol. 

Recovery  of  glaucine.  Extracting  43  kg  of  the  roots  of  Thalictrmn  minus  L. ,  harvested  during  the  unripe 
fruit  stage  (July  23-28,  1949),  yielded  368.3  g  (0.85<55))  of  toul  ether-soluble  alkaloids.  111.2  grams  of  the 
technical  hydiobromide,  with  an  m.p.  of  220-233*,  was  obutned  from  an  acetone  solution  of  the  nonphenolic 
pmJon  of  the  total  alkaloids,  the  m.p.  being  raised  to  235-237*  by  recrystallization  from  water.  Reactli^  an 
aqueous  solution  of  1  g  of  the  hydrobromide  (m.p.  235-237*)  with  25^  ammonia  yielded  an  amorphous  base, 
which  soon  began  to  turn  yellow.  After  being  washed  with  water  and  dried,  the  base  was  ground  to  a  powder 
with  an  m.p.  of  89-90*.  After  recrystaUization  from  ether,  the  m.p.  was  104-109*;  [a]jj  +  84*. 

The  methlodide  was  secured  by  dissolving  0.8  g  of  the  base  in  10  ml  of  acetone,  and  adding  1  ml  of  methyl 
iodide  and  refluxing  the  mixture  for  1.5  hours.  The  finely  crystalline  mediiodide  was  suction-filtered  and  washed 
with  acetone.  M.p.  216-219*.  Tield  0.9  g.  Its  mixed  melting  point  with  crystals  of  the  methiodide  of  Omethyl- 
thalicmidine  exhibited  no  depression. 

Performing  a  Hofinann  decomposition  reaction  under  the  same  conditions  as  those  employed  for  the  O-methyl 
thalicmidine  (30<^  alcoholic  solution  of  KOH),  we  secured  the  des41-methyl  base,  with  an  m.p.  of  63-68*,  in  the 
first  stage.  The  nup.  was  raised  to  70-72*  by  recrystallization  from  petroleum  ether  (b.p.  40-€0*).  The  mixed 
melting  point  with  des-methyl-O-methylthalicmidine  exhibited  no  dejnession,  nor  did  the  mixed  melting  point 
of  their  hydrochloride9(m.p.  256-257*). 

The  second  stage  of  the  Hofinann  decomposition  reaction  was  performed  with  the  technical  methiodide 
(m.p.  262-265*).  This  yielded  trimethylamitic  and  a  nonnitrogenous  crystalline  substance  with  an  m.p.  of  134- 
136*.  The  m.p.  was  raised  to  141-142*  by  recrystallization  from  alcohoL  The  yield  was  0.45  g.  The  mixed 
melting  point  with  the  crystals  of  the  nonnitrogenous  product  obtained  from  O-methylthalicmidine  exhibited 
no  deisession. 

Mellophanic  acid  from  Thalicmine.  Boiling  1.5  g  of  thalicmine  in  10  ml  of  acetic  anhydride  yielded  1.45  g  • 
of  crystalline  N-acetylthalicmlne,  with  an  m.p.  of  191-192*.  This  substance  was  not  basic  and  was  optically  inac¬ 
tive.  Subsequent  oxidation  with  strong  nitric  acid  and  identification  of  the  acids  and  of  their  esters  were  effected 
as  in  the  case  of  thalicmidine. 

Distillation  of  Niucetylthalicmine  with  zinc  dust.  2.6  grans  of  N-acetylthalicmine  was  mixed  with  26  g 
of  zinc  dust.  Then  the  mixture  was  wetted  with  alcohol  and  sawed  into  pieces.  The  mass  was  dried  at  100*  and 
then  the  pieces  were  charged  into  a  refractory  tube  and  covered  with  a  layer  of  asbestos.  The  tube  was  placed 
at  a  slant  in  a  Lidblg  electric  furnace.  Distillation  in  a  current  of  hydrogen  lasted  25  minutes.  The  contents 
of  the  receiver  and  the  tube  were  washed  with  ether.  The  ether  solution  was  washed  ,  first  with  30  ml  of  10% 
hydrochloric  acid  and  then  with  30  ml  of  2%  KOH  and  water,  after  which  it  was  dried  over  calcined  sodium  sul¬ 
fate.  After  the  ether  had  been  driven  off  to  small  volume,  the  residue  was  transferred  to  a  small  flask,  where  the 
phenanthrene  partially  crystallized.  The  yield  was  0.6  g. 

Des-N-methylthallcmine .  2.5  grams  of  the  crystalline  methiodide  with  an  m.p.  of  235-237*  was  placed  in 
a  flask  containing  25  ml  of  a  30%  solution  of  KOH  (7.5  g)  in  methanol,  and  the  mixture  was  boiled  for  2  hours. 

Then  the  solution  was  driven  ofi.  The  des'^-methylthalicmine  remained  Insoluble  when  water  was  added.  The 
crystals  were  suction-filtered  and  washed  with  water.  The  aqueous-alkaline  solution  (orange-colored)  was  ex¬ 
tracted  exhaustively  with  ether.  After  the  ether  had  been  driven  off,  the  crystals  produced  were  combined  with 
the  bulk  of  the  crystals  of  the  des-N-methyl  base.  The  yield  was  1.7  g,  the  m.p.  145-149*. 

The  1.7  g  of  the  technical  des-base  was  recrystallized  from  methanol,  (1:15).  This  yielded  1.2  g  of 
minute  acicular  colorless  crystals  (floes),  wldi  an  mup.  of  150-150.5*.  Des-N-methylthalicmine  is  optically 
inactive. 

0.1242  g  subsunce;  0.3176  g  CO|?  0.0774  g  1%0.  0.1299  g  substance;  0.3262  g  CO^f  0.0768  g  1%0. 

0.1346  g  substance?  0.3395  g  COjf?  0.0820  gl%0.  0.1106  g  substance;  3.8  ml  (19*.  727.92  mm). 

0.1134  g  substance;  3.9  ml  1^  (17. r,  733.58  mm).  Found  %;  C  69.23,  68.53,  68.83;  H  6.92, 

6.61,6.82;  N  3.76,  3.82.  CaHtsNOj.  Calculated  %?  C  68.93;  H  6.52;  N  3.65. 
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Des-N-methylthalicmine  sulfate.  When  the  des-base  was  mixed  with  IQPjo  sulfuric  acid,  the  sulfate  was  pro¬ 
duced  as  shiny  little  lamellae.  The  m,p.  was  127-128“  (with  decomposition)  after  recrystallizauon  from  water,  and 
125-127“  (with  decomposition)  from  alcohol.  The  isolated  crystalline  base  had  an  m.p.  of  149-150“, 

Des-N-methylthalicmine  methiodide.  1.3  gram  of  des-N-methylthalicmine  was  dissolved  in  20  ml  of  meth¬ 
anol,  and  2.3  g  of  methyl  iodide  was  added.  After  a  brief  period  (5  minutes)  of  gentle  heating  the  crystals  of  the 
methiodide  were  formed,  absorbing  all  the  solvent.  The  mass  was  boiled  for  2  hours  and  cooled,  the  crystals 
being  suctionHfiltered,  washed  with  methanol,  and  dried.  The  methiodide  consisted  of  minute  acicular,  snow-white 
crystals  with  an  m.p.  of  236-^37“  (with  decomposition)  in  a  sealed  capillary.  The  yield  was  1.2  g. 

The  nonaitrogenous  product  9  grams  of  KOH  was  dissolved  in  30  ml  of  methanol,  1.7  g  of  des- 

N-TOethyithalicmine  methiodide  was  added  to  the  solution,  and  the  mixture  was  refluxed,  Trimethylamine  began 
to  be  given  off  within  15  minutes.  The  mixture  was  refluxed  for  4  hours.  Then  the  contents  of  the  flask  were  trans¬ 
ferred  to  a  dish  and  evaporated  on  a  water  bath.  When  water  was  added,  the  nonnitrogenous  substance  floated  to  the 
surface  as  lustrous  crystals.  The  whole  mass  was  transferred  to  a  separatory  funnel  and  extracted  with  ether.  We  col¬ 
lected  1  liter  of  a  faintly  yellow  ether  solution.  The  ether  solution  was  filtered  and  washed  with  25  ml  of  a  5^  solu¬ 
tion  of  hydrochloric  acid.  The  acid  solution  reacted  weakly  with  silicotungstic  acid.  The  ether  solution  was  re¬ 
washed  with  water,  filtered,  and  dried  over  sodium  sulfate.  When  the  solution  was  evaporated  to  a  volume  of  50  ml, 
crystals  began  to  settle  out  of  the  still  boiling  ether  as  lustrous  flakes.  The  crystals  were  suction  filtered  and 
washed  with  ether.  M.p.  185-186“.  The  yield  was  0.4  g. 

0.1224  g  substance;  0.3164  g  CO^s  0.0614  g  HjOj  0.1200  g  substance;  0.3074  g  COj,*  0.0618  g  1%0.  0,0288 

g  substance;  12.0  ml  0.1  N  NajSjQj;  0.0228  g  substance;  12.0  ml  0.1  N  Na2S203.  Found  C  70.54,  71.68; 

H  5.61,  5.71;  OCH5  27.86,  28.09.  CjoHigOg.  Calculated  %%  C  70.97;  H  5,32;  OCH,  27.51, 

SUMMARY 

1.  Determination  of  the  functional  groups  has  made  it  possible  to  portray  the  formula  of  thalicmidine, 

CjjHgsNO^,  as  follows;  C£oHxj(NCH8)(OCH3);:j(OH)s  the  last  hydroxyl  group  is  weakly  phenolic.  The  hydroxyl 
group  retained  in  des  -N'^nethylthalicnudine  is  likewise  weakly  phenolic. 

2.  Mellophamc  acid  is  formed  when  the  substance  obtained  from  thalicmidine  by  boiling  the  latter  in 
acetic  anhydride  is  oxidized.  Oxidation  of  thaicmidine  itseiif  yields  m.etahemipinic  acid. 

3.  Repeating  the  Hofmann  decomposition  of  O methylthalicmidine  twice  yields  a  nonnitrogenous  substance, 
which  yields  r.etramethoxyphenanlhreneca;':boxylic  acid  upon  oxidation. 

4.  In  the  unripe  fruit  stage  the  roots  of  Thalictmm  minus  L.  contain  d-glaucine.  The  latter  has  been 
identJiied  as  0-ii\ethylthalicmldine, 

5.  The  structure  of  thalicmidine  is  that  of  2,3,5‘trimethoxy-6bydroxyaporphine. 

6.  Mellophamc  acid,  and  phenantk  ene  have  been  obtained  from  N~acetylthalfcmine,  which  is  neither 
optically  active  nor  basic. 

7.  Repeat.ing  the  Hotmann  decompos.'tion  reaction  of  thalicmine  twice  yielded  trjmeth.oxymethyliene- 
dioxyvinylphenanthrene. 

8.  Thalieroine  is  a  derivative  of  pentahvdroxyaporph.me.  Its  stmcture  is  apparently  that  of  3,4,7- 
t;;imethoxy-5 , 6  methylenedioxyapo.tphine. 
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THE  ALKALOIDS  OF  HAPLOPHYLLUM  PERFORATUM.  H,  PEDICELLATUM,  H.  DUBIUM, 

H.  BUCHARICUM.  AND  H.  VERSICOLOR.  I. 

S.  Yunusov  and  G.  P.  Sidyakin 


The  genus  Haplophyllum  A.  luss.  (Rutaceae  family)  embraces  32  species  of  plants  that  grow  on  the  territory 
of  the  Soviet  Union,  23  of  them  being  found  in  Central  Asia,  including  14  in  Uzbekistan  [1].  The  Rutaceae  family 
includes  the  thoroughly  investigated  Citrus  genus  and  the  Pilocarpus  jaborandi  plant,  which  contains  the  valuable  alka¬ 
loid  pilocarpln.  Representatives  of  the  Haplophyllum  genus,  however,  have  remained  practically  unexplored  chemi¬ 
cally.  All  we  have  is  some  information  on  the  approximate  alkaloid  content  of  some  species  In  this  genus  [2],  and 
the  report  that  the  alkaoid  haplophylline  Ci(jl^jN04  has  been  isolated  from  H.  Sierversii  [3].  We  have  been  unable 
to  find  any  further  information  on  this  alkaloid  in  the  literature.  Research  on  the  alkaloid-containing  species  of  the 
Haplophyllum  genus  is,  therefore,  of  indisputable  interest.  With  this  in  mind,  we  set  as  our  objective  an  investiga¬ 
tion  of  the  Haplophyllum  species  that  grow  on  the  territory  of  Central  Asia  [4]. 

A  1948  botanical  expedition  of  the  Institute  of  Chemistry  of  the  Uzbek  Academy  of  Sciences,  headed  by 
E.  E.  Korotkova  (and  with  one  of  the  present  authors  as  a  member —G.P.S.),  discovered  and  collected  several 
alkaloid-containing  species  of  the  Haplophyllum  A.  luss.  genus  in  the  Kashka-Darya  and  Surkhan-Darya  regions 
of  Uzbekistan.  We  made  the  most  detailed  analysis  of  the  plant  Haplophyllum  perforatum  (M.B.)  Kar.  et  Kir. 
(synonyms  Ruta  divaricataSiev.,  H.  Sieversii,  Fisch).  We  also  began  a  study  of  the  alkaloids  m  H.  pedicellatum 
Bge.  (synonyms  H.  hiisutum  Rgl.  et  Schmalh.,  H.  pilosumFranch.),  H.  dubiumEug.  Kor.  (synonyms  H  Albertu 
Regelii  f.  subternaa  Eug.  Kor.),  H.  bucharicum  Litv.  (synonym  H.  nigripes  Nevski),  and  H.  versicolor  Fisch.  et  Mey 
(synonyms  H.  iasianthum  Bgp,  H.  hispidulum  Bge.). 

1.  H.  pe.  fo.vatum  was  collected  in  the  vicinity  of  the  villages  Vaiganza  and  Makrida,  Kitab  district,  Kashka- 
Darya  iegion(the  western  spurs  of  the  Zeravsnan  range,  basin  of  the  Kashka-Darya  river).  In  this  region  this  plant 
grows  on  the  partially  bare  slopes  of  the  foothills  and  the  lower  mountain  zones. 

The  alkaloids  were  extracted  from  <ii&  leaves  and  the  small  stems  of  H.  perforatum,  gathered  during  the 
budding  period,  with  dichloroethane,  me  bases  being  extracted  from  the  latter  by  means  of  dilute  sulfuric  acid. 

When  the  acid  solution  was  alkallnizeci  witn  gaseous  ammonia,  the  bases  were  precipitated  (aqueous  mother  liquor 
"A").  The  precipitate  was  iec.ystallized  from  benzene  and  then  from  acetone.  This  yielded  the  hydrochloride, 
from  which  the  bases  we.ve  recovered  as  microscopic  needles  with  an  m.p.  of  156-156®.  This  base  is  optically  in  ¬ 
active,  freely  soluble  in  chloroform  ,  lesc  so  m  benzene  and  ether,  and  slightly  soluble  in  water  and  petroleum  ether? 
it  crystallizes  from  acetone  (1?  15)  and  alcohol  as  minute  needles.  The  yield  was  0.075<5i»  (of  the  weight  of  the  dry 
leaves).  Elemenuiy  analysis  indicated  that  its  empirical  formula  was  Ci^Hj^NOg.  Since  this  alkaloid  proved  to 
differ  from  all  the  bases  described  in  the  literature  up  to  now,  we  named  it  haploperine. 

Haploperme  is  a  weak  base,  its  salts  hydrolyzing  readily  in  aqueous  solutions,  even  in  the  cold.  It  is  an 
unsaturated  compound,  decolorizing  perm.anganate  in  an  acid  medium  instantaneously;  it  contains  two  methoxy 
groups,  but  no  methylenedioxy  group.  The  base  does  not  dissolve  in  caustic  alkalies;  it  forms  a  crystalline  hydro¬ 
chloride.  When  haploperine  is  heated  for  a  long  time  with  an  alcoholic  alkali,  all  of  it  is  recovered  unchanged. 

When  haploperine  is  heated  with  2QfJo  hydrochloric  or  25^  sulfuric  acid,  it  yields  a  crystalline  product  —  colorless 
needles  with  an  m.p.  of  138-139“.  This  product  crystallizes  from  alcohol  (1:7),  is  insoluble  in  caustic  alkalies, 
and  decolorizes  permanganate  in  acid  media;  it  retains  both  of  the  methoxy  groups,  but  has  no  hydroxyl  group. 

It  is  most  likely  that  in  this  reaction  one  molecule  of  water  is  split  off,  since  the  elementary  analysis  indicates 
that  the  minimum  formula  of  the  base  has  been  diminished  by  one  atom  of  oxygen  and  two  atoms  of  hydrogen. 

The  mother  liquors  contained  no  other  products  besides  the  substance  with  an  m.p.  of  138-139®. 

Haploperine  is  not  affected  by  boiling  with  methyl  iodide.  But  when  it  is  heated  in  a  sealed  tube  immersed 
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Minute,  slightly  grayish  crystals  settled  out;  they  were  suction-filtered,  washed  with  ether,  and  dried  in 
vacuo.  The  yield  touled  0.8  g.  M,p.  123-125°;  the  mixed  melting  point  with  the  original  base  was  113- 
115*.  The  m.p.  was  raised  to  138- 139^  by  triple  recrystallization  from  alcohol  (1:7).  The  action  of  25*5^ 
sulfuric  acid  upon  1  g  of  the  base,  using  the  same  procedure  as  before,  yielded  0.6  g  of  a  crystalline  sub¬ 
stance,  which  proved  to  be  the  same  as  the  product  secured  by  the  hydrochloric  acid  treatment.  We  were 
unable  to  isolate  any  other  reaction  products, 

0.112  g  substance:  0.2658  g  CO,;  0.602  g  H^O.  0.1262  g  substance:  0.3006  g  CO,;  0.0672  g  1^0. 

0.0798  g  subsunce:  3.2  ml  Ng  (16°,  725.9  mm),  8.685  mg  substance:  0.346  ml  (23*,  736  mm). 

0  226  g  substance:  8.5  ml  0.1  N  Na,S,0;)  (Viebock).  0.^0223  g  substance:  8.3  ml  0.1  N  Na,S,03. 

Found  C  65.23,  65.00;  H  6.06,  5,96;  N  4.43,  4.45;  CH/D  19.13,  18.94.  Ci7HnN05. 

Calculated  <;Ik  C  64.76;  H  5.39;  N  4.44;  2CH«0  19.55. 

Isohaploperine.  1  ml  of  methyl  iodide  was  added  to  1  g  of  the  base  dissolved  in  30  ml  of  acetone, 
and  the  mixture  was  boiled  for  6  hours  on  a  water  batl..  The  solution  was  filtered  and  concentrated  to  5  ml. 
Minute  crysuls,  which  turned  out  to  be  the  original  base,  settled  out  overnight.  1  gram  of  the  base  was 
mixed  with  2  ml  of  methyl  iodide  (using  no  solvent),  and  the  mijttu-e  was  heated  on  a  boiling  water  bath  in 
a  sealed  tube  for  about  an  hour.  The  base  began  by  dissolving,  crystals  appearing  on  the  walls  of  the  tube 
as  heatmg  contmued  The  contents  of  the  tube  solMlfi.ed  completely  upon  cooling.  The  tube  was  opened, 
and  the  residual  methyl  iodide  was  driven  off,  leaving  a  solid,  faintly;  colored  residue.  The  yield  was  1.0 
g.  The  isohaploperine  produced  was  dissolved  by  heating  it  in  6  ml  of  methanol,  large  needles  settlmg  out 
when  the  latter  cooled.  Recrystallization  was  repeated  three  times,  after  which  the  isohaploperine  had  an 
m.p.  of  158-159*;  its  mixed  melting  point  with  the  ouginai  base  was  132-134“. 

0.242  g  substance:  4.8  ml  O.i  N  NagSjO,  (Viebock).  0.0252  g  substance;  4.9  ml  0.1  N  Na,S,0| 

Found  <5k;  CHjO  10.09,  9.90.  CiTHijNCg.  Calculated  <5^.  CHgO  9.84. 

Hydrogenation  of  haplopeitne.  1  gram,  of  haploperine  with  an  m.p.  of  155-156°  was  dissolved  in  20 
ml  of  acetic  acid  and  reduced  with  a  platinum  catalyst,  prepared  (by  the  Adams  method)  from  0.21  g  of 
platinic  oxide.  The  absorption  of  205  ml  of  hydrogen  took  1  hour  and  20  minutes  (67  ml  of  hydrogen  being 
required  for  one  double  bond).  No  more  hydrogen  was  absorbed  during  further  shaking  on  the  aglutot.  The 
catalyst  was  suction-filtered  and  washed  with  water.  The  filtrate  and  the  wash  waters  were  combined.  The 
acid  solution  was  alkalinized  with  25^  ammonia.  This  threw  the  base  down  as  a  precipitate,  which  was 
suction-filtered  and  washed,  first  with  15  ml  of  water,  then  with  3  ml  of  alcohol,  and  then  with  5  ml  of 
ether.  The  m.p.  was  159-160®  after  drying  in  the  vacuum  desiccator.  The  yield  was  0.9  g.  The  melting 
point  was  unaffected  by  rectystallization  from  acetone  (1:20). 

Hexahydtohaploperine  was  slightly  soluble  in  ware:,  ether,  and  petroleum  ether,  more  readily  sol¬ 
uble  in  alcohol,  and  freely  soluble  In  chloroform.  We  were  unable  to  secure  the  perchlorate,  the  hydro¬ 
chloride,  the  picrate,  the  oxalate,  the  hydriodide,  the  nitrate,  or  the  sulfate  in  the  crystalline  state  under 
ordinary  conditions. 

Skimmianine.  35  grams  of  the  thick  oil  obtained  from  the  aqueous  mother  liquor  "A"  was  boiled 
with  600  ml  of  a  1:3  mixture  of  acetone  and  petroleum  ether.  The  solution  was  filtered  hot;  during  the  next 
24  hours  crystals  mixed  with  a  yellow  oil  settled  out.  The  solvent  was  evaporated  to  dryness.  125  ml  of  ether 
was  added  to  the  residue,  the  crystals  not  dissolving,  though  the  oil  dissolved  completely.  The  crystals  were 
suction-filtered  and  washed  with  ether  (mother  liquor  "B").  The  yield  was  6  g.  Triple  recrystallization  from 
methanol  (1;5)  yielded  large,  colorless  needles  with  an  m.p.  of  175-176*. 
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0.1062  g  substance:  0.2504  g  COj;  0.0504  g  HjO.  0.1032  g  substance:  0.2442  g  CO^;  0.0502  g  H(0. 

0.0928  g  substance:  4.6  ml  Nj  (IT,  715  mm).  Found  <5t:  C  64.34,  64.57;  H  5.31,  5.44;  N  5.37. 

C14H18NO4.  Calculated  «lo‘  C  64.86;  H  5.0;  N  5.4. 

The  picrate  of  skimmianine  v^as  prepared  by  mixing  together  alcoholic  solutions  of  the  base  of  picric 
acid,  minute  crystals  with  an  m.p.  of  187-188*  settling  out.  The  crystals  had  an  m.p.  of  195-197*  (with  de¬ 
composition)  after  triple  recrystallization  from  alcohol. 

Processing  the  mother  liquor  "B**.  The  ethei'  mother  liquor  "B"  left  after  the  skimmianine  had  been 
filtered  out  was  concentrated  to  small  volume  and  poured  into  a  dish.  What  was  left  was  a  yellow  oil,  which 
was  boiled  several  times  with  petroleum  ether.  Part  of  ttie  oil  did  not  dissolve.  When  the  concentrated  solu¬ 
tion  was  allowed  to  stand,  crystals  settled  out  as  elongated  needles.  M.p.  108-109*.  Yield  0.2  g.  The  m.p. 
was  raised  to  110-111*  (Base  No.  3)  after'  recrystallization  from  a  1:1  ether-petroleum  ether  mixture.  Further 
refining  did  not  raise  the  melting  point  any  higher.  This  base  was  freely  soluble  in  alcohol,  acetone,  methanol, 
ether,  and  benzene,  and  less  so  in  petroleum  ether. 

2.  Haplophyllum  pedicellatum 

Extraction  of  alkaloids.  The  alkaloids  were  extracted  from  10  kg  of  the  air-dry,  pulverized  plant  in  the 
same  way  as  that  used  for  H.  petforatam.  The  alkaloids  were  extracted  from  the  alkaline  solution  with  ether 
and  then  with  chloroform.  The  ether  extract  yielded  27  g  of  bases,  and  the  chloroform  extract  4.5  g,  as  a  col¬ 
ored  crystalline  mass.  The  total  base  yield  was  31.5  g  (0,3%  of  the  plant  by  weight).  The  mixture  was  tritur¬ 
ated  with  a  small  quantity  (20-25  ml)  of  acetone  and  then  suction-filtered.  What  was  left  was  a  mixture  of 
bases  freed  from  tarry  impurities. 

Skimmianine.  The  purified  mixture  of  bases  was  processed  with  500  ml  of  acetone.  The  insoluble  por¬ 
tion  was  suction-filtered  and  washed  with  acetone  (mother  liquor  "C").  The  yield  was  5  g.  M.p.  175-176*.  Its 
mixed  melting  point  with  the  skimmianine  secured  previously  exhibited  no  depression. 

Processing  the  mother  liquor  *C*.Haplophine  The  acetone  was  driven  off  to  dryness.  The  residue  (20  g) 
was  recrystallized  3  times  from  dilute  alcohol  (1:1.5),  and  from  a  mixture  of  equal  parts  of  acetone  and  petrol¬ 
eum  ether  (1:20).  This  yielded  colorless  crystals  with  an  m.p.  of  140-141*.  Haplophineis  slightly  soluble  in  water 
and  in  petroleum  ether,  more  soluble  in  ether,  alcohol,  and  acetone  (lrl5),  and  freely  soluble  in  chloroform. 

0.1008  g  substance:  0.2520  g  COg;  0.0484  g  HgO.  0.1076  g  substance:  0.2684  g  COg;  0.0482  g  HgO. 

0.1136  g  substance:  6.35  ml  Ng  (17.5*,  731.9  mm).  0.1246  g  substance:  7.1  ml  Ng  (15.5*,  724.9  mm). 

Found  %:  C  68.22,  63.07;  H  5.37,  5.01;  N  6.20,  6.32.  CigHuNOj.  Calculated  %:  C  68.12;  H  4.8; 

N  6.11. 

SUMMARY 

1.  Three  alkaloids  have  been  extracted  from  the  leaves,  buds,  and  young  twigs  of  Haplophyllum  p«:fotatum 

(M.B.)  Kar.  et  Kir.:  skimmianine;  a  crystalline  base  with  an  m.p.  of  110-11*;  and  the  new  alkaloid  haploperine 
C|gH|gN04(OCHg)g,  with  an  m.p.  of  155-156*.  Haploperine  hydrochloride,  with  an  m.p.  of  129-131*  (with  de¬ 
composition),  and  hexahydrohaploperine  with  an  m.p.  of  159-160*,  have  been  synthesized.  A  substance 

with  the  composition  of  C^Hi^NOg  and  an  m.p.  of  138-139*  has  been  obtained  by  reacting  haploperine  with  acids. 

2.  The  action  of  methyl  iodide  upon  haploperine  has  yielded  the  isomeric  compound  isohaploperine: 
Ci^igQ4(>  C0)(>N-C.H8)(0CH3).  Haploperine  is  apparently  a  derivative  of  quinoline. 

3.  The  alkaloids  are  contamed  prmcipally  in  the  leaves  and  seeds.  The  percentage  of  alkaloids  in  the 
leaves  rises  until  the  fruit -bearing  stage  is  reached,  while  the  percentage  in  the  twigs  diminishes.  As  the  plant 
develops  the  percentage  of  haploperine  diminishes  during  these  periods,  whereas  that  of  skinunianine  increases. 

4.  The  above-ground  part  of  Haplophyllum  pedicellatum  Bge.  contains  0.3%  of  alkaloids  during  the  flower¬ 
ing  period.  Skimmianine  and  a  new  alkaloid;  haplophine  CigHjjNOg,  m.p  140-141*.  have  been  isolated  from  the 
alkaloid  mixture. 

5.  A  mixture  of  alkaloids  totaling  0.1%  has  been  extracted  from  Haplophyllum  dubium  Eug.  Kor.  (during 
the  flowering  period),  from  which  a  base  with  an  m.p.  of  95-96*  has  been  isolated. 

6.  Haplophyllum  bucharicum  Litv.  contains  0.1%  of  alkaloids  during  the  flowering  period.  Skimmianine 
and  a  base  with  an  m.p.  of  151-152*  have  been  isolated  from  the  total  alkaloids. 
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7.  Haplophyllum  versicolor,  Fisch.  et  Mey  contains  0.01<^  of  alkaloids  during  the  flowering  period. 
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